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For none of the major species of crops can we 
point with certainty to the exact species (or combination of 
species) from which it was derived: for some we can make 
guesses; for a number we can point to closely related 
weeds. This merely complicates the problem. We then 
have to determine the origin of the crop, the origin of the 
weed, and the history of their relationships. 
Edgar Anderson 
Plants, Man and Life, 1952 
INTRODUCTION 
The origin of plants cultivated as seed crops is usually explained as conscious or 
unconscious human selection from species that have enough seed to be economically 
harvested and can survive in a disturbed habitat. These plants perhaps grew near human 
habitations; they may have preferred the more nitrogen-rich soils subject to disturbance. 
Plants that retained seeds at harvest-time were unconsciously selected over the plants that 
had shed their seeds at maturity (Vavilov, 1926). The implication is that crop plants have 
evolved from closely related species with "weedy" tendencies: large numbers of seeds, 
preference for or fortuitous preadaptation to disturbed areas, efficient competitors for 
nutrients, water, and light. Indeed, the criteria used in assessing whether seeds found in 
archaeological sites are from cultivated or wild plants include the size of the seed in 
comparison with wild strains, and evidence of deliberate threshing (Heiser, 1978). 
Many crop plants have companion weedy races. In the area of origin of the crop 
plant, perhaps some of the weedy races are indeed the direct descendents of the "original 
species". Few workers, however, have attempted to explain the origin of companion 
weedy races in areas outside the area of crop origin. 
Sorghum is a genus native to Africa, India, Asia, and the Australo-Pacific. Most 
cultivated Sorghum species belong to the annual group that Snowden (1936) classified as 
section Eu-sorghum\ a few members of the perennial section Halepensia, including S. 
halepense (L.) Pers. and its putative hybrid with S. bicolor (L.) Moench, S. x almum 
Parodi, are cultivated as perennial forage crops (Doggett, 1970). (In this dissertation, 
"sorghum" refers to any cultivated strain of the genus Sorghum, mostly referable to S. 
bicolor sensu deWet.) 
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Sorghum culture seems to have commenced in the area of Ethiopia, perhaps as 
early as 4000 B.C. From there, its use as a crop spread to the area of Sudan, Western 
Africa, Central and Southern Africa, and India. Further development of cultivated 
sorghum occurred in China, probably during the Chinese neolithic period. The Chinese 
Kaoliang sorghums are fairly well differentiated from other strains of 5. bicolor; the 
suggestion has been made that the Kaoliangs are the product of introgression of Indian 
strains of grain sorghum with S. propinquum (Kunth) A. S. Hitchc. a rhizomatous 
perennial species probably native to the Philippine Islands, and other islands of southeast 
Asia, the mainland of southern China, the Malay Peninsula, and Thailand (Doggett, 1970). 
Sorghum reportedly entered North America with the West Africa slave trade. The 
strains known as guinea corn and chicken corn may have been introduced at this time. 
Sweet sorghum, cultivated as a molasses crop, seems to have been introduced in 1853. 
Brown and white durra strains of S*. bicolor were introduced in 1874, kafir corn in 1876, 
milo about 1880, shallu about 1890, feterita in 1906, and hegari in 1908. S. sudanense 
(Piper) Stapf in Prain, sudan grass, was introduced in 1908. S. halepense, Johnson grass, 
was probably introduced several times by the mid-1800s (Doggett, 1970; McWhorter, 
1971). Wild taxa (as distinguished from cultivated or feral) were imported for use in 
plant breeding and pasture programs. Thus, by the early twentieth century, an entirely 
new continent was available for the spontaneous and human directed evolution of 
Sorghum. 
Modern North American agricultural practices rely on monoculture of strains that 
show uniform size, blooming time and maturity. Earlier agricultural practices tolerated 
"offtypes" and mixtures of strains. Today, a plant that is significantly different in 
appearance or agronomic traits is considered a potential problem, both for the plant 
breeder and the farmer. There is an economic incentive to remove these offtypes from 
cultivated strains; a common request from clients of the Iowa State University Seed 
Laboratory is to examine a seed lot for shattercanes — strains of sorghum that readily 
shed their fertile spikelets at maturity. If there are only caryopses ("seeds"), it is 
impossible visually to distinguish the desirable commercial sorghum from unwanted 
shattercane. 
Some strains of shattercane were probably introduced as new seed was brought to 
North America. These shattering types may have persisted at a low level in these non­
uniform cultivated strains. They may also have evolved in situ, as strains of sorghum 
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previously geographically or culturally separated were introduced into geographic 
proximity. 
The shattercanes have been treated taxonomically rather casually. Although their 
existence is acknowledged, some very unlike plants have been classified into what appear 
to be "garbage pile taxa": the unclassifiable residue after crop species and Johnson grass 
are removed. 
I chose to examine the shattercane sorghums to attempt to provide a better 
understanding of this highly pleiomorphic residuum. My working hypotheses (sensu 
Popper) were these: 
1. Shattercanes are direct descendents of wild sorghum species that 
have escaped in this country. 
2. Shattercanes are the survivors of strains of sorghum earlier 
cultivated in this country (perhaps forage or sweet sorghums), and now 
mostly replaced by uniform commercial hybrids. 
3. Shattercanes are "reversions to wild type"; cultivated plants that 
have accumulated mutations that make them resemble wild sorghums. 
4. Shattercanes are the products of introgression of cultivated 
strains of S, bicolor with other species now or once cultivated, including S. 
bicolor var. sudanense and S. halepense. 
5. Shattercanes are the evidence of rapid evolution of new strains 
of sorghum, probably caused by founder effect, genetic drift, and new 
selection pressures. 
6. Shattercanes are the products of segregation of "weedy-looking" 
commercial sorghum hybrids, perhaps forage hybrids that may have sudan 
grass or Johnson grass in their ancestry. 
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LITERATURE REVIEW 
There is a great deal of confusion surrounding the various species of Sorghum. 
Most of this confusion centers around problems of nomenclature and difficulty in 
defining the limits of the taxa. 
Further confusion arises from a multiplicity of common names for the cultivated 
sorghums, and the fact that some of the common names have no formal taxonomic 
counterpart. 
Yet more confusion arises from the vast phenotypic variability seen in the genus; 
still more from similar genera that were once considered part of Sorghum (e.g., 
Sorghasirum)t or infrageneric taxa that seem to have little to do with cultivated sorghum 
the taxa often known as subgenera or sections Heterosorghum, Chaetosorghum, 
Parasorghum, and Stiposorghum). 
This dissertation is only concerned with taxa capable of hybridizing with 
cultivated grain sorghum, that is to say, only with Sorghum sect. Sorghum (^Sorghum sect. 
Eu-sorghum). Appendices B and C (Comparison of Classifications of Sorghum sect. 
Sorghum, and Nomenclature of Sorghum sect. Sorghum, based on Snowden) may be useful 
to the reader in dealing with some of the names that may be encountered. 
In hopes of simplifying the reader's task, I have also "standardized" names in this 
literature review where it was possible to make these changes without introducing 
ambiguity or possible error. For instance, much of the older literature speaks of Holcus 
sorghum, Holcus mlgare, Andropogon sorghum, or Sorghum vulgare, all referring to the 
grain and forage sorghums generally grown in this country. Table 1 includes only 
commonly encountered names in both "common names" and "synonymous epithets" 
columns. 
Because of the confusion surrounding Sorghum taxonomy, I wish to state my own 
views at the outset in hopes of helping the reader through the morass of nomenclature! 
and taxonomic problems in Sorghum. I view Sorghum as a genus of three (or perhaps 
two) species: the nonrhizomotous, usually diploid, "annual" S. bicolor, which has a great 
number of more-or-less phenotypically distinguished forms; S. halepense, rhizomatous 
perennials, often weedy, mostly tetraploid, of Africa, the Mediterranean and the Indian 
sub-continent, and S. propirtquum, a rhizomatous, diploid taxon native to the Pacific 
Islands and southeast Asia. I have no experience with S. propinquum, so this view may be 
faulty. In general, I believe that the systems proposed in the 1970s by de Wet and 
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Table 1. Common names, synonymous names and "standardized names" used in this 
literature review whenever possible 
Common names 
Johnson grass 
sorghum almum 
grain sorghum, milo, 
sorgho, kafir, feterita, 
guinea corn, hegari, 
most forage sorghums, 
chicken corn sensu Martin 
shattercane, wild cane, 
chicken corn sensu Deam 
broomcorn 
tunis grass 
Sudan grass 
"Standardized name" 
S. halepense 
S. X almum 
S. bicolor 
shattercane 
S. bicolor var. technicum 
S. bicolor var. virgatum 
S. bicolor var. sudanense 
Synonymous names 
Andropogon halepensis, 
Holcus halepensis 
S. halepense x S. bicolor, 
S. almum 
S. vulgare, S. caudatum, 
A. sorghum, A. vulgare, 
H. sorghum 
S. drummondii (p.p., sensu 
auct.), S. bicolor var. 
drummondii, S. vulgare var. 
drummondii 
S. dochna, S. technicum 
S. virgatum 
S. sudanense 
co-workers reflect biological reality more closely than do the systems proposed by workers 
who describe endless variants as species. 
Sorghum literature is vast, and the discussion below deals with only a small 
percentage of the books and articles available. The works mentioned are those I felt were 
most useful to me in understanding Sorghum and shattercane, but literally thousands of 
other articles have been written, much of uneven quality. There are several specialized 
bibliographic resources available for Sorghum, including world bibliographies (George 
Washington University Biological Sciences Communication Project, 1967; Rockefeller 
Foundation, 1973; Sorghum and Millets Information Center, 1982; Naidu, 1983; Jotwanl, 
1984; Prasannalakshmi et al. 1986), bibliographies of Indian literature (Jadhav et al, 1975; 
Ranganath et al. 1976), literature in French (Sorghum and Millets Information Center, 
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1980), and at least two specialized newsletters. Sorghum Newsletter (Sorghum Improvement 
Conference of North America, 1957 - present) and S.M.I.C. Newsletter (Sorghum and 
Millets Information Center, 1979 - present). 
In North America, several taxa have been introduced for cultivation; as I view 
them, they are separated thus: 
1. Plants with rhizomes 
2. Panicle loose and open; sessile spikelets 4-6 mm long, deciduous, glumes 
completely enclosing grains; leaves usually less than 3 cm in breadth 
S. halepense (Johnson grass) 
2. Panicle generally more compact than S, halepense, sessile spikelets usually 
intermediate in size between S. bicolor and S, halepense, usually deciduous, 
glumes generally completely enclosing grains; leaves usually more than 2.5 
cm in breadth; rhizomes often less massive than S. halepense 
S. X almum (S. halepense x S. bicolor) (sorghum almum) 
1. Plants lacking rhizomes; leaves usually more than than 4 cm wide (except in sudan 
grass) S. bicolor (cultivated sorghum) 
There are several cultivated sorghums that are commonly distinguished in this 
country; except for sudan grass, in the vegetative state they closely resemble corn, Zea 
mays. Broomcorn, S. bicolor var. technicum, has panicles with very long primary 
branches. The nodes of the panicle are so condensed that it appears falsely umbellate. 
Grain sorghums are usually bred to grow to about a meter in height; the panicles 
are condensed and the glumes of the sessile spikelets expose the grains. It is not 
uncommon to see taller plants in a field of grain sorghum because of instability of an 
allele used in breeding for dwarfness. Other off types commonly encountered include 
looser panicles and more enclosed grains than the agronomic ideal. 
Sweet sorghums or sorghos seem to have been among the first sorghums imported 
to this country (for the production of sorghum syrup); they are usually tall, thick-
stemmed plants and may or may not tiller. Panicle characters have not been heavily 
selected for, so a variety of panicle phenotypes can be found (Collins, 1865; Cowgill, 
1926). 
Forage sorghums generally closely resemble sorghos, as they were usually selected 
from sorghos or from hybrids with sorgho ancestry. Breeding efforts have been 
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concentrated on increasing biomass, palatability, and available sugars, so these plants tend 
to be tall, thick-stemmed, and may tiller heavily. 
Sudan grass, 5. bicolor var. sudanense, is a thin-stemmed, open-panicled sorghum 
that closely resembles Johnson grass at first glance. However, it lacks rhizomes and the 
sessile spikelets are deciduous by rachis breakage, not by formation of an abscission callus 
as in S. halepense. 
In this review, I will give a brief overview of the various taxonomies proposed for 
Sorghum^ theories on the domestication of S. bicolor, a history of sorghum cultivation in 
North America, some information on sorghum genetics and cytology, and studies of the 
biology of shattercanes. 
There is a massive amount of literature on Sorghum, especially from an agronomic 
viewpoint. Much of this literature is taxonomically irrelevant; other parts are seemingly 
flawed. The literature review here covers only a fraction of the actual Sorghum literature. 
Taxonomlc history of Sorghum 
Snowden (1936) gave an admirably thorough history of cultivated sorghums; the 
outline below derives largely from this work. 
PreUnaean clMslficationa 
The first clear written description of a sorghum was by Pliny (ca. 60-70 A.D.), 
who described a black-glumed sorghum, recently introduced to Italy from India. During 
the 16th century, several forms are described or illustrated by herbalists, although the 
descriptions are often very imprecise and do not differentiate between the grains and the 
enclosing glumes. Several forms of sorghum appear in the illustrations. One with a 
subcompact, contracted panicle in Fuchs* 1542 herbal is labeled "Sorghr, and a similar 
figure in Tragus (1552) is called "Panicum*. Loebel's (1576) "sorgho'^ shows a loose and 
open panicle; this illustration appears also in Dodoens* (1583) herbal as "Melica sive 
Sorghum". Mattioli (1598) illustrates a form intermediate between those of Fuchs and 
Loebel, called 'Milium indicum Plinir and mentions another plant that may also be a 
sorghum. 
Snowden summarized the descriptions of 17th and early 18th century authors, 
quite thoroughly, and created the following groups of descriptions: 
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Group 1. Milium arundinaceum subrotundo semine. Sorgo nominatum C. Bauhin (1623); 
Hermann (1687); Ray (1688); Plukenet (1696); Morison (1699); Tournefort (1700). 
Melica sive Sorghum Parkinson (1640). 
Milium arundinaceum sive indicum semine siU)rotundo C. Bauhin (1658); 
Pontedero (1718). 
Holcus glumis glabris Linnaeus (1737; 1747). 
Group 2. Sorgi & Melica italorum, Sorghum & Milium indicum seu grano rubro; and 
Sorgum fructu albo Besler (1613). 
Sorghi J. Bauhin (1651). 
Group 3. Milum arundinaceum piano alboque semine C. Bauhin (1623); Hermann (1687); 
Ray (1688); Plukenet (1696); Morison (1699); Tournefort (1700). 
Sorghi album. Milium indicum, dora J. Bauhin (1651). 
Milium arundinaceum semine piano et albo C. Bauhin 1658). 
Dora Alpino (1735). 
Holcus glumis villosis Linnaeus (1737, 1748). 
Group 4. Milii indici aliud genus C. Bauhin (1658) 
Group 5 (a) Milium indicum, arundinaceo caule, granis nigris Hermann (1687); 
Milium indicum sacchariferum altissimum, semine rotundo atro Breyne (1689); 
Benghalense semine majore nigro splendenti Hort. Amst. (1696); 
Milium indicum arundinaceum caule, semino fusco, glumis splendentibus atris 
Plukenet (1696); 
Kauringhu Hermann (1717). 
Milium indicum semine fusco, Juba larga Burman (1737). 
(b) Milium indicum sacchariferum altissimum, semine ferrugineo Breyne (1689). 
(c) Milium arundinaceum, indicum seu dora semine nigro and Milium 
anmdinaceum, indicum seu dora semine partim albo, partim nigro Tournefort 
(1700). 
Group 6. Milium indicum arundinaceo caule, granis flavescentibus Hermann (1687). 
Group 7. Frumentum indicum, seu milium indicum C. Bauhin (1623). 
Frumentum indicum quod milium indicum wcant C. Bauhin (1658). 
Snowden believed that groups 4 and 7 are probably not sorghums, while groups 1 
and 2 are sorghums differing only in the density of the panicle. Group 5 includes those 
with grains completely enclosed by the glumes, and is divided into subgroups by color. 
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LIBBMM mtki 
Linnaeus (1753) distinguished three species of sorghum in Species plantarum, 
Holcus Sorghum, Holcus saccharatus, and Holcus bicolor. The diagnoses are all brief, but 
he offered extensive synonymy (which he was later to emend). 
Snowden (1935) identified Holcus Sorghum with "white durra", the Vora" of 
Rauwolf, as evidenced by a specimen in the herbarium of the Linnaean society tagged 
"(H.) Sorghum* in Linnaeus's handwriting. Linnaeus also included in the synonymy of 
Holcus Sorghum phrase names that he had previously referred to a different species in his 
Hortus Cliffortianus of 1737. In Mantissa Plantatrum Altera (1771), Linnaeus clarified his 
intent: Holcus sorghum referred to a crook-neck sorghum (S. cernuum Hochst.), Holcus 
bicolor to a black-glumed "sorgho" type, and Holcus saccharatus to a reddish- or 
yellowish-seeded sorghum. Snowden (1936) believed that Linnaeus* Holcus saccharatus 
represents two distinct entities: probably equivalent to Holcus dochna Forsk. and Holcus 
caffrorum Thunb. 
Linnaeus* difficulties in describing sorghums did not improve later nomenclatural 
matters. 
ISth and 19th Century clmMlflcmtlmne 
HflSltt Linnaeus* concept of Holcus included seven species, three of which 
were true sorghums. Forskaal named Holcus durra and H. dochna in 1775; Arduino (1786) 
described seven more species of Holcus, six sorghums, and a Pennisetum. Gmelin (1791) 
described the cultivated types of sorghum under H. dochna, H. bicolor, H. sorghum, H. 
saccharatus, H. duna (apparently a typographical error for H. durra), H. cafer, H. arduini, 
and H. niger. Persoon (1797) accepted only the three Linnean species, while Willdenow 
(1806) accepted H. bicolor, H. sorghum, H. cernuus, H. caffrorum, and H. saccharatus. 
Snowden (1936), summarized the synonymy to 1818 as: 
Group 1. Holcus bicolor L. (1771); Gmel, (1791); Pers. (1797) Willd. (1806). H. niger Ard. 
(1786): Gmel. (1791). H. arduini Gmel. (1791). 
Group 2, Holcus sorghum L. (1753, p.p.); Gaertner (1791, p.p); Gmel. (1791); Pers. (1797); 
Willd. (1806, p.p.). H. dora Mieg (1777). H. cernuus Ard. (1786); Willd. (1806). 
H. compactus Lam. (1789). 
Group 3. Holcus saccharatus L. (1753, p.p.); Mieg (1777); Ard. (1786); Gmel. (1791); Pers. 
(1797); Willd. (1806). H. dochna Forsk. (1775); Gmel. (1791). 
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Group 4. Holcus cafer (Ard.) 1786; Gmel. (1791). H. caffrorum Thumb. (1794, 1813, 
1818): Willd. (1806). 
Group 5. Holcus durra Forsk. (1775). H. duna Gmel. (1791) (sphalm.). 
SSIllUUl Moench transferred Holcus saccharatus L. and H. bicolor L. to a new 
genus. Sorghum, in 1804. Persoon adopted Moench*s new genus, describing Sorghum 
halepense in 1805, and creating S. vulgare for the Linnean species Holcus sorghum^ and 
including in that Holcus bicolor and H. rubens as S. vulgare var. bicolor and var. rubens, 
respectively. 
In 1809, Host and Willdenow published slightly differing treatments of the genus, 
accepting Moench's generic name. Beauvais (1812), Jacquin (1814), Roemer and Schultes 
(1817), Schultes (1827), Nees (1841), Koch (1848), Grisebach (1864), and Schweinfurth 
and Ascherson (1864) all made new combinations or described new species in the genus. 
AndroBQgon Brotero (1804) transferred the cultivated sorghums to the genus 
Andropogon, making the combinations A. sorghum and A. compactus. Roxburgh (1820) 
and Steudel (1830) followed this lead, creating several new combinations and describing 
new species. However, in 1866, Alefeld classified all cultivated sorghums as members of 
one species, Andropogon sorghum Brot., with five varieties. Koernicke (1885) recognized 
twelve varieties of A. sorghum and speculated that all cultivated species had been derived 
from a single wild species, A. halepensis (^Holcus halepensis L.) 
Hackel (1885) independently arrived at the same conclusion for the origin of 
cultivated sorghum. In 1889, he revised the group so that it consisted of A. sorghum 
subsp. sativus and A. sorghum subsp. halepensis for the cultivated and wild forms 
respectively. Cultivated forms were divided into a number of groups based on shape of 
the sessile spikelets, glume texture, and relationship of glume to caryopses. 
K. Schumann (1895) dealt with the cultivated east African sorghums by dividing 
them into three major groups according to the coverage of the caryopses by the glumes, 
and within the groups by grain and glume colors. 
Until Chiovenda (1912) revived the use of Sorghum as a generic name, most 
botanists used the name Andropogon sorghum for the cultivated sorghums, sometimes 
including the wild forms. Most of the USDA publications by such authors as Ball (1906, 
1907, 1910, 1911, 1912) and Piper (1915a, 1915b) used Andropogon sorghum with various 
varietal epithets in discussing sorghums cultivated in North America, as did a number of 
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important encyclopedias of farming. Consequently, the use of Andropogon sorghum was 
common in the U.S. agronomic literature until the 1930s and later. 
SiiowdtB'g tlMtlfkiitloo 
In 1936, Snowden published a monumental classification of the cultivated 
sorghums, extending the ideas of Stapf (1917). Arguing that botanists would recognize the 
more distinct types of variants seen in the cultivated sorghums as distinct species if those 
plants were wild, he described, drew, and gave synonymies for 31 species, 158 varieties, 
and 524 forms of cultivated sorghum. 
Snowden agreed with Nash that Sorghastrum was a genus quite separate from 
Sorghum (Stapf had treated the New World group as section Sorghastrum). In 1935, he 
divided the genus into sections Eu-Sorghum Stapf emend. Snowden, and section Para-
Sorghum Snowden. Section Para-Sorghum consists of sorghum-like plants with bearded 
sheath nodes, and is native to Africa, India, Southeast Asia, Malaya, and Australia. He 
stated that section Para-Sorghum probably had a different origin from section Eu-
Sorghum, and played no part in the evolution of cultivated sorghums. 
Section Eu-Sorghum was further divided into subsection Halepensia for perennials 
with distinct and elongated rhizomes, and section Arundinacea for all other sorghums. 
Section Arundinacea consists of series Spontanea, those with sessile spikelets shattering by 
callus formation, and series Saliva, the cultivated forms with persistent sessile spikelets. 
Series Saliva is subdivided into six subseries: Drummondii, Guineensia, Nervosa, Bicoloria, 
Caffra, and Durra. 
Subseries Drummondii comprises those with lanceolate, ovate or elliptic sessile 
spikelets, with coriaceous glumes almost enclosing or enclosing the grains at maturity. 
These are "subspontaneous grasses of cultivated lands". 
Subseries Guineensia also has coriaceous glumes and ovate sessile spikelets, but the 
mature grains are as long or longer than the glumes (or if the glumes are longer, the 
margins are involute), and the spikelets usually have widely gaping glumes. 
Subseries Nervosa consists of those forms with glumes of the sessile spikelet 
(minimally the first glume) thinly crustaceous to papery in texture, and nerves visible. 
The pedicelled spikelets are generally persistent in this group. 
Subseries Bicoloria consists of the forms with obovate mature sessile spikelets and 
grains enclosed or nearly so by the glumes. 
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Subseries Coffra has ovate, elliptic oi obovate-eliiptic sessile spikelets, the glumes 
of which open to expose about one-third of the mature grain. The glumes are generally 
closely adpressed to the grains and the panicles are contracted. 
Subseries Durra consists of forms with mature grains as long or longer than the 
transversely wrinkled or herbaceous-tipped glumes and with strongly pubescent panicle 
branches. 
Snowden's classification and the synonymy he used for both cultivated and feral 
and wild species is detailed in Appendices B and C. 
Snowden's (1955) treatment of the fodder sorghums (section Halepensia and section 
Arundinacea subsection Spontanea) appears almost curt in contrast to the minute characters 
that he used to demarcate species of cultivated sorghums in the 1936 treatment. 
Nevertheless, these two treatments are the standard of comparison for modern treatments 
of Sorghum. Both works rely on a minutely detailed knowledge of sorghum panicle and 
spikelet characters, and differences between species are often inapparent to the eyes of 
most botanists. The synonymy, description of variability, economic, and distribution notes 
are, however, highly useful. 
Poit-SBnwden ClMilficafloni 
There have been several further attempts at providing a workable taxonomy for 
Sorghum since Snowden's encyclopedic work. Garber (1950) proposed a classification of 
the genus based on cytogenetic work. This has proved useful at higher taxonomic levels, 
but has not been generally useful to plant breeders and agronomists. However, there have 
been two groups (Urbana, Illinois, and Hyderabad, India) that have attempted to provide 
utilitarian classification schemes for the agronomic community. 
ClMalflcation» of deWet and Colleagues Several classifications of cultivated 
sorghums, slightly varying in detail, have been proposed by members of the Crop 
Evolution Laboratory in Urbana, Illinois. In 1967, de Wet and Huckabay chose to treat all 
sorghums referable to Snowden's section Eu-sorghum as a single highly variable species, S. 
bicolor. This classification is (synoptically): 
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S. bicolor subsp. halepense 
S. bicolor subsp. bicolor 
var. aethiopicum 
var. arundinaceum 
var. verticilliflorum 
var. bicolor 
race guinea 
race kafir 
race durra 
race bicolor 
Weed-crop hybrids (no formal taxonomic status) 
Harlan and deWet (1972) published a simplified classification of the cultivated 
sorghums; in essence, it followed that of deWet and Huckabay, but also acknowledged that 
intermediate forms between the races exist (a fifth race, caudatum, was later recognized). 
This system is very simple to use and has won favor with many breeders; it relies only on 
characters evident in single sessile spikelets at maturity. 
deWet's latest (1978) classification of Sorghum maintains many of the features of 
the earlier classifications, but recognizes a single broad species of cultivated sorghum (5. 
bicolor), two rhizomatous perennial species (5. halepense, S. propinquum), and retains 
Oarber's (1950) sections of Stiposorghum, Parasorghum, Heterosorghum, and 
Chaetosorghum, as well as section Sorghum for the more familiar cultivated and wild 
species: 
Sorghum section Chaetosorghum 
Sorghum section Heterosorghum 
Sorghum section Parasorghum 
Sorghum section Stiposorghum 
Sorghum section Sorghum 
Sorghum halepense 
S. propinquum 
S. bicolor 
subsp. bicolor (grain sorghums) 
subsp. arundinaceum (wild sorghums) 
subsp. drummondii (stabilized derivatives 
of grain sorghums and wild types) 
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Murtv and Govii's Blometrlcal Classification The Indian Agricultural Research 
Institute has long had an active sorghum breeding program. Murty and Govil (1967) 
published a catalog and classification of the world collection of sorghum held at that 
institute. The classification is a modification of Snowden's work, but is based primarily 
on agronomic characters of the plants. This classification has not won a following in the 
literature, although it seems to be used by some Indian sorghum breeders. Like Snowden's 
classification, it is so detailed that the separation of taxa is burdensome. 
Sorghum Domestication 
Cultivated sorghums differ from wild sorghums primarily in panicle characters that 
contribute to yield: overall size of panicle, sessile spikelet size and dispersal, and 
retention of sessile spikelets until harvest. Stapf (1917) remarked on the difficulties 
caused by basing taxonomies on caryopsis characters, and chose "to base the primary 
groupings on the comparison of flowering stages, which might be expected to be more or 
less outside the influence of the artificial moulding forces of man". 
Kidd (1956) presented a general summary of panicle morphology in sorghum, and 
concluded that the panicles of cultivated sorghum differ from wild types in tortuous 
branching, condensation of nodes, and recurved ("goosenecked") panicles. These 
characters he associated directly or indirectly with increased inflorescence size, hence, 
yield. 
Hflckgrs HYPQthwh 
Hackel (1885) suggested that cultivated sorghums might be derived from the 
nonrhizomatous wild sorghums he called A. halepensis vars. aethiopicus, virgatus, and 
effusus. Because of nomenclatural confusion, the statement has been made that Hackel 
believed S. bicolor to be derived from S. halepense. However, as Piper ( 1915a,b) pointed 
out, Hackel did not intend to infer that rhizomatous perennials gave rise to 
nonrhizomatous annuals: A. halepensis sensu Hackel encompasses all wild sorghums, while 
A. sorghum sensu Hackel 1885 is reserved for cultivated types. (Further confusion arises 
from Hackel's later use of A. sorghum subsp. halepensis for wild sorghums and A. sorghum 
subsp. sativus for cultivated forms.) 
Snowden's Polvphvletlc Hypothesis 
Snowden's treatments (1935, 1936, 1955) were intended as an extension of Stapfs 
(1917) taxonomy for Flora of Tropical Africa, which built on Hackel's and Piper's 
treatments. Stapf chose to recognize most of Piper's subspecies as "definite units, but with 
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the status of species, a procedure which seems to have the advantage of simplicity and 
directness, whilst it leaves the door open to any theoretical grouping which may in the 
future be desirable". Snowden's taxonomy continued the practice of recognizing each 
morphological unit as a species, and he hypothesized that cultivated sorghum was 
polyphyletic: that S. arundinaceum is the progenitor of most of his subseries Guineensia 
and Drummondii, that S. verticilU/lorum is ancestral to S. roxburghii and subseries 
Caffra, that S, aethiopicum is ancestral to subseries Durra and 5. hewisonii, and subseries 
Bicoloria is the product of hybridization between S. sudanense and S, aethiopicum, and 
that subseries Nervosa is a product of subseries Bicoloria and subseries Durra. Snowden 
also presented a diagram showing reticulate phenotypic relationships between his various 
species. 
Doggett'i DIaruntlve Selection Hvnothesig 
Doggett (1965) accepted Garber's (1950) cytologically-based treatment of Sorghum, 
in which subgenus Eu-sorghum (> section Eu-sorghum Snowden, » sect. Sorghum, in 
accord with the rules of the International Code of Botanical Nomenclature) is divided into 
diploid, nonrhizomatous species, sect. Arundinacea, and rhizomatous, diploid and 
tetraploid species, sect. Halepensia. Members of section Arundinacea are native to Africa 
(there are some collections of uncertain status from India), while Halepensia species are 
native to Africa, the Mediterranean area, and the Indian subcontinent. S. propinquum, the 
diploid Halepensia, is found in the Philippines, Indonesia, and southeast Asia. All 
members of section Sorghum are interfertile. 
On biogeographic grounds, Doggett proposed that cultivated sorghum arose in 
northeast Africa, the center of variability for Sorghum. By a process of disruptive 
selection, some sorghums were selected because of harvest characteristics, while at the 
same time, natural selection maintained wild types. Hybrids between wild and cultivated 
forms occurred; these provided bridging crosses between wild, and cultivated forms. 
These hybrids could only be maintained in areas relatively free from both human and 
natural selection, such as field margins and waste ground. 
These hypotheses were further extended by Doggett and Majisu's (1968) studies of 
wild and cultivated African sorghums, using naturally occurring and artificial hybrids. 
They noted that large hybrid populations do not survive in the wild in Africa; those that 
do exist are mainly found in field margins and recently abandoned fields — the "hybrid 
habitats" of Edgar Anderson (1949). 
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deWet'g Racial Classification 
Harlan and deWet (1972) divided Sorghum bicolor {sensu latissimo) (- all non-
rhizotomous Sorghum sect. Sorghum) into two subspecies: S. bicolor subsp. bicolor for 
cultivated sorghums and S. bicolor subsp. arundinaceum for all spontaneous forms. At an 
infrasubspecific level, formal classification was abandoned, and they described 
"morphological coherences" as races. This taxonomy is now the most commonly used in 
the United States. The correspondence of these races with Snowden's taxonomy is shown 
in Table 2. 
In his last major paper on sorghum systematics, deWet (1978) summarized his 
theories on the domestication of sorghum. He postulated that cultivated sorghums arose 
from S. bicolor subsp. arundinaceum, and the earliest domesticated sorghums were of race 
Bicolor; the Bicolor sorghum Clark and Stemler (1975) reported from Sudan dates from 
about 250 A.D. Conclusive archeological evidence for earlier domestication is lacking, but 
sorghum is said to have been grown in neolithic China. Sorghum has not been excavated 
from farming sites or tombs in the Near East, although sorghum-like plants are depicted 
in paintings and bas-reliefs from the area. Current archeological opinion is that the 
reliefs from the palace of Sennacharib represent Phragmites communis (*P. australis); the 
plants on the walls of Amenembes' tomb are being harvested by pulling the entire plant, a 
method used for flax, but not for sorghum at a later date. Although central Africa has 
been proposed (Harlan, 1971) as the probable site of domestication, I know of no 
archeological evidence to support this. 
de Wet and Huckabay (1967) suggested that the sorghums of race Guinea could be 
derived from race Arundinaceum, that race Kafir could be independently derived from 
race Aethiopicum, and race Durra from race Verticilliflorum. An alternative hypothesis 
was that the morphological similarities between the races could be explained as gene 
exchange between wild and cultivated forms from a relatively limited area, de Wet (1978) 
suggests that such gene flow could be accomplished using weedy sorghums of subsp. 
drummondii as bridges. 
Shechter and de Wet (1975), using the disc electrophoretic methods of Shechter et 
al. (1975), compared the albumins and globulins (water-soluble storage proteins), esterases, 
peroxidases, and malate dehydrogenase (MDH) in seven cultivars of five races: Bicolor 
(two accessions), Caudatum (one), Durra (one), Guinea (one), and Kafir (two). Similar 
patterns were seen in the first four races, but Kafir differed (especially in MDH) from 
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Table 2. Correspondence of Harlan and deWet (1972) and de Wet and Huckabay (1967) 
taxonomy (as summarized by de Wet (1978)), to that of Snowden (1935, 1936, 
1955) 
Harlan and deWet Races Snowden species 
Nonrhizomatous 
Sorghum bicolor 
(cultivated races) 
S. bicolor subsp. bicolor 
Bicolor 
Guinea 
Caudatum 
Kafir 
Durra 
Bicolor-Durra 
Guinea-Caudatum 
Guinea-Bicolor 
Kafir-Bicolor 
Kafir-Caudatum 
Guinea-Kafir 
Guinea-Durra 
Durra-Caudatum 
Kafir-Durra 
Bicolor-Caudatum 
S. bicolor subsp. arundinaceum 
(spontaneous races) 
Aethiopicum 
Arundinaceum 
Verticilliflorum 
Virgatum 
S. bicolor subsp. drummondii 
(weedy races) 
S. dochna, S. bicolor, S. exsertum, S, splendidum, 
S, nervosum 
S. margaritiferum, S. guineense, S. conspicuum, 
S. gambiciim 
S. caudatum, S. nigricans 
S. caffrorum, S. coriaceum 
S. durra, S. cernuum 
S. ankolib, S. rigidum, S. subglabrescens 
S. dulcicaule, S. elegans (p.p.), S. notabile (p.p.) 
S. melaleucum, S. mellitum 
S. basutorum, S. milliiforme, S. simulons, 
S. elegans (p.p.), S, nervosum 
S. nigricans (p.p) 
S. roxburghii 
(no corresponding Snowden species) 
S. aethiopicum, S. lanceolatum 
S. arundinacéum, S. vogelianum 
S. brevicarinatum, S. castaneum, S. macrochaeta, 
S. panicoides, S. pugonifolium, S. somaliense, 
S. usambarense, S. verticilliflorum 
S. virgatum 
S. aterrimum, S. drummondii, S. elliotii, S. hewisonii, 
S. niloticum, S. nitens, S. sudanense 
S. halepense S. halepense. S. miliaceum, S. controversum 
S. propinquum S. propinquum 
(S. halepense x bicolor) (S. almum) 
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the others. deWet (1978) stated that these data demonstrated that Kafir showed closer 
genetic affinities to local wild VerticilHflorum sorghums than to other races of cultivated 
sorghum. Close reading of the Shechter and deWet article does not support this statement; 
no Verticilliflorum accessions were tested, nor do the data from 20 African cultivars 
presented by Shechter (1975) speak to this point. 
Price (1973) believed that cultivated sorghums were derived from populations 
similar to race Verticilliflorum or race Aethiopicum, with selections giving rise to S. 
bicolor subsp. bicolor, and further selections giving rise to the Guinea, Kafir, Durra, and 
Bicolor races through disruptive selection mechanisms like those postulated by Doggett 
(1965, 1970) and Doggett and Majisu (1968). Price wrote that shattercanes are 
polyphyletic and artificial because of their recurrent combinations of cultivated and wild 
characters. He supported this argument by producing hybrids (deWet et al. 1970) that 
mimicked Snowden's 5. elliotii, S. hewisonii, S. niloticum, and S. sudanense by crossing 
various cultivated sorghums and wild species of the Spontanea complex of Snowden. 
These species have been suspected (by Snowden and others) of being stabilized hybrids. 
In Africa, shattercanes generally form an abscission callus (Price, 1973), but 
Mikula*s (1956) shattercanes from the midwestern U S. shatter by fragile rachis. 
History of Sorghum in North America 
In this section, I attempt to summarize the general history of sorghum 
introductions and sorghum breeding in the United States. Some of the genetic 
manipulations used in breeding are discussed more fully in the section on genetics that 
follows the historical summary here. 
The first sorghum introduced into North America was probably "chicken corn", 
brought to the southern states and the West Indies with the slave trade (Martin, 1936). 
From descriptions, this seems to have been a tall, dark-glumed sorghum, possibly of the 
grain type. However, because of confusion of common names and lack of herbarium 
specimens, this is uncertain. The slave trade is also credited with the introduction of the 
first grain sorghum, "guinea corn", also known as "branching durra" and "white milo 
maize". 
Broomcorn, S. bicolor var. technicum, was reputedly introduced by Benjamin 
Franklin, who found a single seed in a broom imported from Europe (Martin, 1936). 
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Johnson grass, S. halepense, was reportedly introduced from Turkey about 1830 by 
Governor Means of South Carolina, and popularized as a perennial pasture plant by 
William Johnson of Alabama (Martin, 1936). McWhorter (1971) believes that it may have 
been introduced earlier in the 19th century. 
1850-im 
This decade saw the introduction of the first sorgho or syrup sorghum, 'Chinese 
Amber', from France in 1853. It had been sent to France from Tsungming, China, in 
1851 (Collins, 1865). The USDA distributed large quantities of increase seed from this 
introduction in 1854. 
In 1854, Leonard Wray, an English planter in South Africa, sent 16 accessions of 
sorghos to France; these were imported into the U S. in 1857 (Martin, 1936). 
'Collier' sorgho was a selection of a sorgho sent to England and introduced into the 
U.S. in 1881. 'Planter' sorgho was sent from Africa to India to Australia, and finally to 
the U.S. in 1888. 'McLean' sorgho was introduced from Australia in 1891. All other 
sorghos grown in the U.S. during this period derived from the Wray introductions. 
White and brown durras — "Egyptian corn" — were introduced into California in 
1874. 
White kafir and red kafir from Natal were shown at the Centennial Exposition in 
Philadelphia in 1876; these were in U S. cultivation within a few years. Pink kafir, also 
from South Africa, was introduced about 1904. 
Milo was introduced into South Carolina in the 1880s. The source is unknown. 
Shallu ("Egyptian wheat") was introduced from India by the Louisiana Agricultural 
Experiment Station about 1890. 
Both feterita and hegari were introduced from Sudan by the USDA; feterita in 
1906, and hegari in 1908. 
Sudan grass was also a USDA introduction by C. V. Piper in 1909. 
According to Martin (1936), all of the 80 or more sorghos and sorghums grown in 
the U.S. in the 1930s can trace their ancestry to these few introductions. 
Cultivated sorghums In 1936 
Martin summarizes the basic types grown in 1936 as: 
1. Annual sorghum 
A. Sorgho: Black Amber, Kansas Orange, Sumac, Honey, Atlas, etc. 
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2. Kafin BlackhuII, Red, White, Pink, etc. 
3. Feterita: Standard, Spur, Dwarf. [Grohoma is a feterita derivative, fide 
Sieglinger et al. 1934] [Ajax is a selection from (feterita x kafir) x feterita.] 
4. Durra: White, Brown, Dwarf. 
5. Miscellaneous: 
Hegari: Dwarf 
Shallu 
Kaoliang: Altamont 
Others: Ajax [see feterita] 
Grohoma [see feterita] 
Darso [probably a sorgho x grain sorghum] 
Schrock [probably a sorgho x kafir] 
[many other cultivars of complex or unknown parentage reported, also] 
C. Broomcorn: Evergreen, Black Spanish, Scarborough, etc. 
D. Grass sorghums: Sudan grass 
2. Perennial sorghum: Johnson grass 
Modern U.S. Germplasm 
By the 1940s, sorghum breeders in the U.S. were faced with a yield plateau. 
Hybrid vigor in sorghum crosses had been noticed by 1927, but the only techniques for 
production of hybrid seed were hand-emasculation or hot-water emasculation — both 
impossible on commercial scales (Doggett, 1970). Male sterility in sorghum (the ms2 
system) was discovered by Stephens in 1937; he worked out a system of producing 
commercial hybrids that was superseded by discovery of the msj system. Commercial 
production of hybrid seed in the U.S. began in 1957; the yield advantages associated with 
these hybrids under adverse growing conditions quickly gave hybrid seed a major share of 
the market. Kafir x milo hybrids gave the best increases in yield. By the mid-1960s, 
yield had approximately doubled (Doggett, 1970). 
Harvey (1978) found that 97.1% of all hybrid sorghum seed produced in 1976 used 
the milo-kafir male sterility-restorer system. Quinby (1985) reported that the common 
male-sterile cytoplasm still used in breeding programs is this system. 
Harvey (1978) reported in a study use of publicly released sorghum inbred lines by 
private producers of sorghum seed that 'Wheatland* was used in 45.5% of all single-cross 
seed as seed parent, and three lines, TAM 2567', 'TAM 2568% and 'Tx2536* were used as 
pollen parent in 55.3% of single-cross hybrids in 1976. In addition, 17 more lines were 
reported as seed parents and 16 as pollen parents. 
In single-cross forage sorghum production, 80.8% of the seed produced used 
'Redlan* as a seed parent, and 41.9% used 'Greenleaf as a pollen parent. Also, 6 other 
inbreds were used as seed parents and 11 inbreds as pollen parents. 
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Tetraploid Sorghums 
Sorghum breeders have experimented for a number of years with tetraploid 
sorghums, including 5. x almum and colchicine-induced tetraploid grain sorghums. Chin's 
(1946) work reported 19% defective pollen grains in autotetraploids; this was confirmed by 
Schertz in 1962. 
Doggett (1964a, 1964b) has continued to work with tetraploids incorporating S. x 
almum parentage. Despite his prediction that autotetraploids would be commercially 
feasible by 1980, these experiments seem to have been unsuccessful (Doggett, 1970). 
Other Sorghums Currently Grown 
Sorgho: 
Sweet-stemmed, juicy sorghos constitute a rather heterogeneous group of cultivars. 
'Chinese Amber* was introduced into the U.S. in 1851; selections of this introduction 
became the various "Amber canes", some of which are still grown on a small scale. Wray 
is credited with introducing 'Orange', 'Sourless*, 'Gooseneck', 'White African*, 'Sumac', 
and 'Honey' in 1854 from South Africa. 'Collier' was imported in 1881, 'Planter' in 1888, 
'McLean* in 1891, and 'Sart' in 1945. Most of the historical sorghos were derivatives of 
the early introductions, or of crosses with kafir derivatives. Today, most sorghos in the 
U.S. are grown for silage and bundle feed (Doggett, 1970), though a limited amount of 
sorghum syrup is still produced. 
Swda; graw 
This nonrhizomatous tillering annual stands between I and 2.5 m tall and has very 
open panicles of small, usually awned, spikelets. The original introduction to the U.S. in 
1909 was by C.V. Piper, who noticed its forage value and retention of spikelets (sudan 
shatters by a tardily fragile rachis). Early selections included 'Wheeler' (1915); in 1942, 
'Sweet Sudan' and 'Tift' were released. Both of these cultivars were (sudan x 'Leoti' 
sorgho) X Sudan selections. Currently popular sudans include 'Piper Sudan', developed 
from 'Tift', and 'GreenleaT, developed from two ('Leoti* x sudan) strains. Isolation 
distances of at least 400 m from & hale pense are recommended for sudan seed production 
fields (Doggett, 1970). 
'Perennial Sweet Sorgrass'! 'Perennial Sweet Sudangrass' 
This selection from an autotetraploid sudan x S. hale pense hybrid was released in 
1958. Although it has short rhizomes, the rhizomes do not appear to be invasive, nor to 
penetrate the soil deeply. It is nonshattering, and has leafy, sweet stems growing 1.8 to 
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2.4 m tall. This is the only commercially successful Johnson grass hybrid in the U.S. 
according to Doggett (1970), but I have not encountered anyone who currently cultivates 
this crop, although many remember experimenting with it in the 1950s. 
Broomcorn 
Snowden classified these sorghums with long panicle branches that are "sub-
umbellate" as S. dochna; they are more commonly called S. bicolor var. technicum in this 
country. Although Hadley (1960) developed a method for producing hybrid broomcorn on 
a commercial scale that did not require threshing by exploiting the complementary 
shattering genes 5^2 and Sh<^ in a male sterile cytoplasmic system, there are no hybrid 
broomcoms commercially available (Doggett, 1970). Most U.S. broomcorn is produced in 
Colorado, Oklahoma, Texas, and New Mexico (Doggett, 1970). 
Genetics 
"Shattercane", "wild cane", and "chicken corn" are used as synonymous or nearly 
synonymous common names for the feral sorghums seen as cornfield and fencerow weeds 
in the central U.S. They generally are used to refer to tall, dark-glumed sorghums with 
lax, open inflorescences, and no rhizomes. The fruits are freely dispersed. These plants 
may tiller freely or may have prop roots extending several nodes up the stem. 
The genetics of several of the "key characters" of shattercane are known primarily 
because of breeding efforts for cultivated sorghums, and are discussed below. 
In accordance with the usual "genetic shorthand", gene symbols beginning with 
capital letters refer to a dominant allele at a locus, while those beginning with lower case 
letters refer to a recessive allele. Numbers in a gene symbol generally refer to a series of 
loci with similar effects: e.g., three genes have been described as controlling sessile 
spikelet abscission callus formation: Shj, gAj, and Shj. An underline replacing the 
second symbol for a gene pair means that any allele, when combined with the allele given, 
will produce the same phenotype: e.g., A_ is phenotypically equivalent to Aa or AA. 
CurygMlg dUntnul 
Caryopses are dispersed in three ways from Sorghum: by the caryopses dropping 
free from the glumes, by callus formation, causing the entire fertile spikelet to abscise, 
and by rachis breakage, in which the entire fertile floret and a portion of the rachis falls 
as a unit. (Disarticulation of pedicelled and sessile spikelets are under separate genetic 
controls; persistent pedicelled spikelets are dominant to deciduous (Ayyangar et al. 1937)), 
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though Laubscher (1945) declared that persistent pedicelled spikelets were incompletely 
dominant.) 
Easy thresh This term is used by breeders to refer to the economically valuable 
character where the caryopses fall free of the glumes with minimal force. If the fruits 
remain in the glumes until threshed, yet thresh out completely, little grain is wasted in 
combining and the grain is less likely to be damaged. Although I have spoken with 
several breeders about the "easy thresh" character, no one has been able to tell me the 
mode of inheritance. In my experience, grain is most easily threshed from plants with 
gaping glumes that are inrolled along the lateral glume margins. 
Callua formation Ayyangar et al. (1936) described deciduous sessile spikelets 
in an African shattercane as a case of monogenic inheritance; callus formation is recessive 
to no callus. The symbol Shj was assigned to this gene. 
Karper and Quinby (1947) described a second, digenic system of callus formation 
in crosses of Tunis grass (S. virgatum (Hack.) Stapf in Prain) with Texas Blackhull Kafir, 
Honey sorgho, Leoti sorgho, and black sudan grass (S. versicolor Andress.). Shattering 
plants were of the genotype 
Neither form of shattering has been assigned to a linkage group (Karper and 
Quinby, 1947; Schertz and Stephens, 1966; Ghawghawe et al. 1966; Ghawghawe and 
Kshirsagar, 1967; Goud and Kulliswamy, 1985). 
Shattering by callus formation is characteristic of Snowden*s subsection Halepensia 
(Snowden, 1955). 
Fragile rachls No genetic system for shattering by fragile rachis has, to my 
knowledge, been reported. Several species in Snowden's subsection Armdinacea, series 
Spontanea show this form of disarticulation, including S. virgatum, S. lanceolatum, S. 
vogelianum, S. aethiopicum, S. macrochaeta, S. armdinaceum, S. verticilliflorum, S. 
somaliense, S. pugonifolium, S. brevicarinatum, S. usambarense, S. castaneum and S. 
panicoideum (Snowden, 1955). The other four species in series Spontanea (S. hewisonii, S. 
sudanense, S. elliotii, S. niloticum) show either tardy disarticulation or do not disarticulate 
at all. 
Fiant height 
Plant height in S. bicolor is determined by four loci: DWj, DW2, DW^, and DW^. 
Plants of the genotype dwjdwj dw^w2 dwjdw^ dw^dw^ may be only 40 cm tall 
(measured to base of flag leaf), while those of DW^_ DW2_ constitution 
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may be 4 m. There is variation in height among cultivars with the same genotype; this is 
thought to be due to allelic series at the various loci, rather than a separate modifying 
locus. 
Two loci are rather unstable; dw^ mutates to DW^ at a particularly hif^h rate, about 
1 mutation in 1209 gametes (Karper, 1932). The DW^ locus shows lesser instability, but 
DWj and DW2 are stable (House, 1985). 'Redbine*, 'Martin', 'Plainsman* and 'Westland' 
are commonly used commercial lines known to have the unstable dwj gene. Other 
cultivars with this gene include standard broomcorn, 'Texas Blackhull Kafir*, 'K.alo*, 
'Chiltex*, 'Acme* broomcorn, 'Scarborough* dwarf broomcorn, Japanese dwarf broomcorn, 
'Combine kafir 60*, and 'Day* (Quinby and Karper, 1954). 
Freeman et al. (1962) found that progenies from nine tall mutants were essentially 
identical in height, although four of the parental plants were 'Combine 7078*, three were 
'B-600* and three were 'B-602*. He suggested that all mutations were at the same locus, 
or if they were different loci, the phenotypic effects were equivalent. 
The dwarfing genes are brachychitic; they change internode length only; leaf 
number, peduncle length and head size are not affected (House, 1985). 
Several other genes that cause short plants have been described, including mi, 
midget (Quinby and Karper, 1942) and In^y, tiny (Ayyangar and Nambiar, 1938). These 
genes do not affect internode length exclusively. 
Glume color 
Glume colors are affected by the PQ genes that also influence the color developed 
by diseased or injured plant parts, P_ Q_ plants have red-purple color; P_qq plants 
have the black-purple color, and ppQq or ppqq plants have tan color (Ayyangar et al. 
1933). Stephens (1947) designated the recessive allelomorph for red plant color as p''; 
reddish plants are P_(^^<f in constitution. Glume colors produced by these genotypes are: 
PPQ_ sienna glumes 
ppqf"sienna glumes 
ppqq mahogany glumes 
There is an additional allele at the p locus that produces the glume color of 'Black 
Spanish Broomcorn* (Quinby and Martin, 1954). 
Straw colored glumes are produced by other genes. Ayyangar and Ponnaiya 
(1941b) reported two genes. Ci and cd, affecting glume color in Sorghum dochna. The 
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gene cd causes a color dilution, and Ci inhibits the formation of color except at the base 
of the glume. These genes seem to be unlinked to the P or Q genes. 
Bello and Obilana (1985) report brown glume to be a simple dominant to black 
glume, but a simple recessive to red glume (3 brown: 1 black; 3 redkl brown). 
Oth«r glume chaf ctera 
Graham (1916) reported short glumes dominant to long glumes, while Bello and 
Obilana (1985) report dihybrid epistatic segregation for long glume dominant to short 
glume (15:1 segregation ratio). Vinall and Cron (1921) reported broad truncate glumes 
simply dominant to narrow ovate glumes. Ayyangar (1934) found gaping glumes recessive 
to adpressed glumes. Pubescent glumes were found to be dominant to glabrous (Ayyangar 
and Ponnaiya, 1941a). Laubscher (1945) found a cross-over value of 5% between 
coriaceous (vs. normal) glumes and pubescent (vs. glabrous) glumes in the Fg progeny of a 
cross of S. caudatum x S. nervosum. 
Omp Infloreacence 
Very little is known of inheritance of inflorescence characters. Because 
inflorescence form varies continuously, it seems likely that the genetics are not simple. 
Fanous et al. (1971) found heritabilities for "seed branch length" (primary branch length?) 
of 6 to 91% in crosses of compact-headed sorghums, and correlations of 53 to 92% 
between head length and seed branch length. 
Bello and Obilana (1985) report that compact head is simply dominant to loose 
head in a cross of four S. bicolor lines; while Ayyangar and Ayyar (1938) reported that 
loose panicle is dominant to compact panicle (Paj). Ayyangar and Ponnaiya (1939) found 
that pulvinate, divergent inflorescence branches were simply dominant to epulvinate, 
adpressed branches (fo^) sudan grass. Martin (1936) quotes Karper as saying short 
panicle branches are dominant to long ones. 
Sffd Slw 
Fanous et a/. (1971) reported heritabilities of 13 to 87% for weight of 100 seeds in 
crosses of four homozygous sorghum lines. Seed weight per hundred was negatively 
correlated to head length in some crosses, and positively in others. 
AWDS 
Sieglinger et al. (1934) described four classes of awn development in grain 
cultivars: strong-awned, weak-awned, tip-awned and awnless. Most cultivar groups have 
strong awns, except for weak awns in some strains of hegari and Shantung kaoliang; tip 
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awns in feteritas and 'rice kafir'; and awnless in kafirs and some sorghos. They concluded 
that the awnless character was a simple dominant to both the strong awned and tip-awned 
characters, and the strong-awned and tip-awned characters were alternate allelomorphs. 
Plants heterozygous for the strong-awned and tip-awned characters were weak-awned. 
This would be in agreement with Vinall and Cron's (1921) report of a 3:1 F2 segregation 
ratio for awnless vs. awned plants if Vinall and Cron recognized only the class Sieglinger 
et al. called strong-awned, and reported all other classes as awnless. 
Ayyangar and Reddy (1940) reported that awn length within most cultivars of 
sorghum was nearly constant, generally showing no more than 2 mm fluctuation, except in 
S, guineense Stapf, where long awns are found near the base of the panicle, and shorter 
awns near the top. Working with S, guineense x S. coriaceum Snowd., they concluded that 
inconstant awn length was recessive to constant. 
Infection by a Sclerospora species is reported to suppress awn formation 
(Ayyangar and Hariharan, 1935. 
Pgrmiuty 
Dormancy is a trait of value to wild plants, but of little utility to the breeder. 
Dormant seeds in cultivated sorghums are correlated with the brown testa trait; at least 
three genes (Bj, and 5) influence this type of dormancy (Clark et al. 1967, 1968) 
[122, 123]. Bj and B2 were reported to be complementary in their action (Stephens, 
1946); S controls color spreading on the caryopsis. 
CdrYQPslg Mlw 
Schertz and Stephens (1966) summarized reports of the following caryopsis color 
genes: 
Genotvpe Phenotvoe 
red caryopsis 
yellow caryopsis 
R Y 
rr rj 
R' yy 
rr yy 
white with red base 
white caryopsis 
ssbjbJ 
brown subcoat present 
brown subcoat absent 
brown subcoat absent 
brown subcoat absent 
brown epicarp present 
brown epicarp absent 
brown epicarp absent 
27 
S& hmlenense Characters 
Primary characteristics that distinguish Johnson grass, S. halepense (2n"20,40), 
from annual sorghums are the open panicle with small spikelets, and rhizomes. Rhizomes 
are also present in S. propinqmm (2n-20). 
RHIMIBM 
Ramaswamy (1973) investigated inheritance of rhizomes in crosses of S. durra 
(2n-20) X S, halepense (2n"20), S. sudanense (2n-20) x S. halepense (2n"20), S. x almum 
(2n«40) X S. halepense (2n>40), and S. vulgare (2n-40) x S. halepense (2n-40). Fj 
progenies of the first three crosses all were rhizomatous (F| progeny of the fourth cross 
was not examined). Fg plants from the S. x almum x S. halepense cross appeared to have 
some plants showing heterosis for rhizome length. Ramaswamy believed rhizome presence 
to be a simple dominant in the diploid crosses, but to be controlled by three loci in the 
tetraploid crosses. 
Cytogenetics 
Chromosomal cytology and crossing behavior are the bases for current subgeneric 
classification in the genus Sorghum. Garber (1944, 1950), Garber and Snyder (1951), 
Celarier (1956, 1958a, 1958b, 1959), and Celarier and Mehta (1959) have done the bulk of 
this work. 
Garber's classification replaced Stapfs 1917 classification of Sorghum and 
Sorghastrum as sections of the genus Sorghum. A group of sorghums with bearded nodes 
and simple panicle branches were clustered in the key and treated as an informal unit, but 
the group was not given a name until Snowden (1935) called it Para-sorghum. The 
specific names reported in the literature are retained in this section; in general, these 
authors used Snowden's species names. 
Chromosome counts for snecles 
Celarier (1958b) summarized all counts known for the genus Sorghum (s.l.) in 
1958. All species had regular mitosis except for S. x almum, some accessions of S. 
halepense, S. miliaceum and the single accession of S. controversum. Counts of 2/t>20 
were reported for all taxa except S. halepense, S. miliaceum, S. controversum and S. x 
almum of the Halepensia, and in other of Garber's subgenera, S. purpureo-sericeum (10, 
40), and S. versicolor (10), and S. nitidum (10, 20) of Para-sorghum; S. intrans, S. 
stipoideum, S. brevicallosum (10), and S. plumosum (20, 30) of Stiposorghum, and counts 
of 40 for S. macrospermum (Chaetosorghum), and S. laxi/lorum {Heterosorghum). 
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Intersneciflc hybridization 
Attempts to hybridize species of Eu-sorghum and Para-sorghum have failed. 
Table 3 summarizes these failed crosses. 
Table 3. Failed hybridization attempts between subgenera of Sorghum, following the 
taxonomy of Garber (1950) 
S. vulgare x S. versicolor Karper and Chisholm, 1936; 
Ayyangar and Ponnaiya, 1941c; 
Grassl in Garber, 1950 
S. vulgare x S. purpureo-sericeum Ayyangar and Ponnaiya, 
1941c; 
Grassl in Garber, 1950 
S. vulgare x S. purpureo-sericeum ssp. Ayyangar and Ponnaiya, 1941c 
dimidiatum 
S. vulgare x S. nitidum Ayyangar and Ponnaiya, 1941c; 
Garber, 1950 
Endrizzi (1957) showed that chromosome behavior in the hybrids S. arundinaceum 
X kafir, S. arundinaceum x sorgho, S. verticilliflorum x sudan, and 5. verticilliflorum x 
broomcorn, and S. drummondii x kafir was regular. However, S. halepense x kafir 
produced somatic counts of 30 (1 plant) and 40 (10 plants), S. x almum x kafir gave 
counts of 30 (1 plant), 39 (2 plants) and 40 (7 plants); S. x almum x S. halepense gave 1 
plant with a count of 39 and 3 with counts of 40. 
Celarier (1958a) described chromosomal behavior in subsection Halepensia of 
Snowden (1935). By this time, Snowden (1955) had revised this subsection, segregating S. 
miliaceum, S. controversum, and S. propinquum from S. halepense, (Celarier also notes the 
name "S. randolphianum Parodi"; this nomen nudum probably refers to a hybrid between S. 
bicolor (s.l.) and S. halepense (s.l.), and was used only by Randolph (1955). It seems to 
be a synonym for S. x almum Parodi.) All species examined except S. propinquum had 
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counts of 2n«40. S. propinquum had a somatic chromosome number of 20; hybrids with 
S. sudanense and S. vulgare showed regular meiosis. 
Celarier also noted irregular mitotic behavior including lagging and bridges in the 
six accessions of S. x almum he examined. He also pointed out counts of 2n«20 had been 
made for S. halepense by previous workers. S. halepense (s.l.) showed differences in 
meiotic behavior that could be correlated with geographic origin: S. miliaceum and S. 
controversum from Southeast Asia were most regular, while the Mediterranean S. halepense 
was intermediate between the Asian species and S. x almum. 
Hadley (1958) reported mitotic chromosome counts for kafir x S. halepense of 2n 
» 30 and 40. Plants with 30-chromosomes had low fertility, while 40-chromosome 
plants had high fertility. He also reported that one of his 30-chromosome plants, when 
crossed with Sweet Sudan (a selection of (sudan x 'Leoti* sorgho) x sudan), produced a 
progeny with counts of 20, 21, 22, 30, 33, 41, and 43; 20 was most frequent (Hadley and 
Mahan, 1956). 
Bennett and Merwine (1961) reported 'Hodo* sorgho x S. halepense (2n-40) 
hybrids to have chromosome counts of 2n>40; these hybrids showed a slightly greater 
frequency of quadrivalent formation than the parents, but meiosis of the hybrids was 
nearly as regular as that of S. halepense. 
Balachandran and Menon (1970) reported their experiences with S. cernuum x S. 
halepense, kafir x S. halepense^ (kafir x S. halepense) x kafir, ((kafir x S. halepense) x 
kafir) x kafir, and F2 and Fg progenies of the S. cernmm x & halepense hybrid. The 
strain of S. halepense used had a somatic count of 20. All crosses produced viable seed 
(21-86%); seed fertility was generally high in backcrosses, although slightly lower than in 
parental lines. No serious abnormalities were seen in meiosis, although there was a slight 
reduction in chiasmata formation in the S. cernuum x S. halepense hybrid. 
Chandrasekharan and Ramaswamy (1973) reported a 0.9% seed yield from hand-
pollinated, hot-water emasculated spikelets of S. durra var. mediocre pollinated with S. 
halepense (2n-40), but 4.8% seed yield when pollinated with 2n-20 S. halepense. The 
progeny of the 2n>20 x 2n-40 cross had a somatic count of 30; open-pollinated progeny 
of that plant gave 14 plants with 2n-40, and a single plant each with somatic counts of 50 
and 46; progenies of the 40-chromosome plants showed stable chromosome numbers, but 
progenies of the 50-chromosome plant were 2n«40 if open pollinated and 2n=40, 41 or 43 
30 
if backcrossed to S. hale pense. All of the progeny from the 20 x 20 cross had somatic 
counts of 20, but counts of the Fg generation are not reported. 
Morphology and Cytology of Experimental Polyploids 
Hulflidf 
Brown (1943) described haploid off types in grain and forage sorghum fields that 
were characterized by small slender heads and complete sterility. Overall, these plants 
were shorter, had narrower leaves, and very short glumes. Pollen grains were generally 
empty and collapsed. Five seeds were set by one haploid; these proved to be diploid on 
germination. 
Endrizzi and Morgan (1955) observed meiosis in a haploid grain sorghum; they 
concluded that there was cytological evidence to support previous suggestions that the base 
number of Sorghum was 5, and S. bicolor originated as an allopolyploid. 
PolYhUDlold# 
Duara and Stebbins (1952) reported on a polyhaploid obtained from a tetraploid 
hybrid obtained by crossing an artificially induced tetraploid sudan grass with male sterile 
S. halepense. One of the two plants obtained in the Fg generation reportedly reverted to 
the diploid condition. The derived polyhaploid had broader leaves than the Fg tetraploid 
or parental species, and more panicle branches, and had spikelets that were relatively 
narrowly ovate and enclosed in shiny black glumes, like those of the tetraploid and 
Johnson grass, but was otherwise not significantly different in appearance from parental 
types. No mention was made of rhizomes or shattering. 
C. H. Chen and Ross (1963) and J. R. P. Chen and Ross (1965) reported 
colchicine-induced grass-type sorghums derived from a grain sorghum. These plants 
resulted from a reduction division of a cell that had been induced to be tetraploid. If 
segregation of identical chromosomes occurred, these plants would be immediately true-
breeding. They reported that three phenotypically similar grass-type mutants derived 
from an experimental grain sorghum line were immediately true breeding when selfed, 
and when crossed with each other. These plants also had the same four phenotypic 
mutations: awns present, green seedling base (from red), juicy stalk (from dry), and 
purple spots on leaf blade (from concolor). No evidence was found for structural 
chromosome changes, and these mutations showed expected Mendeiian inheritance. The 
photos show plants resembling Sudan grass or some of the open-panicle shattercanes I 
have collected, except that shattering was not reported. 
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Itliilfilds 
The triploid plant Price and Ross (1955) discovered was originally thought to be 
haploid, so closely did it resemble Brown's (1943) description. 
Kidd (1952) reported a triploid and a haploid plant in an F| progeny of a male 
sterile x male fertile grain sorghum. 
Erichsen and Ross (1963) produced a single triploid of the grain sorghum *SD 100* 
by selfing this haploid. Morphologically the plant was nearly identical to sister diploids, 
but had a shorter, thicker stalk, wider leaves, and larger florets. 
Schertz and Stephens (1965) located triploid S. bicolor plants in plantings for yield 
trials and progenies of hot water emasculated plants. Frequency of triploidy was 1 in 
14,570 for cultivars, and 1 in 5,097 for experimental hybrids. These hybrid populations 
were often hand-pollinated; pollinations of stigmas that have been receptive for several 
days is thought to increase the chances of triploidy. When triploid plants were compared 
with parental diploids, they observed that triploids were highly sterile when open-
pollinated, and often completely sterile when selfed. Gigantism was seen in some 
morphological traits, but length of stomatal cells was the only consistent difference. As 
expected, meiosis was quite irregular. 
TttrwlQldg 
Autot«tr«Bloldi Doggett (1957, 1962, 1964a, 1964b) induced tetraploids in grain 
sorghum by treating cut coleoptiles with colchicine. Seed set in these tetraploids ranged 
from nearly 0 to 77% 
Majisu (1971, 1972), working with Doggett's lines, found that there was a 
tendency to "diploidization" in these autotetraploids in later generations, with only about 
five quadrivalents seen in most cells. Autotetraploids had larger grains, but fewer 
panicles and lower seed set. 
Schertz (1962) induced polyploids in S. bicolor 'SA403' with colchicine; 5 of the 
plants obtained from a "polyploid panicle" had 38 or 39 chromosomes, and 9 had 40 
chromosomes. Meiosis in all the polyploids showed a high frequency of irregularities; 
pollen stainability averaged 35% (compared to 90% for diploids). Polyploids were 
significantly smaller than diploids in area of largest leaf, height of tip of panicle, and 
number of tillers; however, they had significantly larger pollen, longer stomata, larger 
seed size and glume length, and more spikelets per panicle. The polyploids averaged 
about 10% seed set. 
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Allotetranlolds Casady and Anderson (1952) hybridized S. hale pense with 
autotetraploid S. sudanense. All seven selections of the progeny studied retained the 
rhizomatous character, but there were variations in size and vigor of rhizomes. In general 
appearance, the F| progeny were intermediate between the two parents, while the F2 were 
usually rhizematous, though some had poorly developed rhizomes. 
Doggett (1964b) reported on tetraploid S. x almum crosed with autotetraploid S. 
bicolor. The BCj progeny closely resembled cultivated sorghums, and further 
backcrossing produced plants even more like cultivated lines. However, these plants 
yielded only 70-85% as well as the best diploid tested. No mention of rhizomes is made. 
Trisgmiçg ind otiitr APfwoWW: 
Price and Ross (1955) discovered a highly sterile off type plant in a breeding plot. 
When this plant was open-pollinated, 100 seeds were produced, and germination of these 
seeds was about 50%. Of the 25 progeny, there were 9 plants with 20 somatic 
chromosomes, 9 with 21, 3 with 22, 1 with 23, 1 with 24, 1 with 26 and an unidentified 
aberrant. All aneuploids were hightly self-sterile, but produced abundant seeds when 
pollinated by normal plants. 
Schertz (1966) produced five of the ten possible primary trisomies from a triploid 
X diploid progeny of S. bicolor 'Tx403'. Karyological analyses were inconclusive, but five 
types were noted; a small-glume trisomie, a stiff-branched panicle trisomie, a cone-
shaped panicle trisomie, a large-glumed, open-panicle trisomie and a "bottle brush" 
trisomie with a nearly cylindric panicle. None of these trisomies appears to resemble any 
shattercane I have seen. 
Somatic mutations 
Nielsen et al. (1969) reported on progenies derived from S. bicolor x S. sudanense 
plants that exhibited probable somatic mutations. F2 plants from some parental stocks 
tended to be either sudan-like or sorghum-like, suggesting that the parental genomes were 
not assorting randomly; other lines suggested that only portions of chromosomes were 
translocated, and still others showed the sorts of random assortments of characters typical 
of hybrids. 
Induced Chromosomal Abnormalities 
Although EMS (ethane methyl sulfonate) and other mutagens have been used for 
mutation breeding in sorghum (Goud et al., 1969; Quinby and Karper, 1942; Reddy and 
Smith, 1981; Sree-Ramulu, 1970a, 1970b, 1970c, 1970d, 1971a, 1971b; Sree-Rangaswamy 
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et al., 1969) there are very few reports of the effects of common farm chemicals on 
sorghum. 
Efftçti of itrwlnt on gorahmn chrgmosgmM 
Liang and Liang (1972) reported that the commonly used herbicide atrazine (2-
chloro-4ethylamino-6-isopropyl amino-s-triazine) applied to 'Martin', 'Redlan* and 'KS 3* 
grain sorghum at a rate equivalent to 2.5 lbs/acre induced numerical and structural 
chromosome abnormalities in about 2% of all microsporocytes during meiosis. Plants were 
equally affected when atrazine was applied at seven different growth stages. Aneuploids, 
polyploids, and "sticky chromosomes" were noted. 
Michtte »Bd Mfghum thromosomw 
Soriano (1984) reported Machete (N-(butoxymethyl)-2-chloro-2\6'-diethyl-
acetanilide) caused changes in chromosome number and behavior in S. bicolor. 
Approximately 10.4% of the sampled plants had many abnormal meiocytes. Extra 
chromosomes, laggards or polyploidy was noted in 60.4% of the plants observed to have 
chromosomal abnormalities; the remainder showed interchange complexes, bridges, and 
fragments. Depending on concentration of herbicide applied, chlorophyll mutation rates 
of 0.678 to 2.14% were seen. These mutations were heritable. 
Morphology of Hybrids with g& halenense Parentage 
Experimental hybrids 
Endrizzi (1957) produced hybrids of kafir x S. halepense that were generally 
intermediate in morphology between the parents; however, one plant was shorter than 
either parent and vegetatively bore a striking resemblance to S. halepense, though by 
inflorescence and spikelet characters, it was hybrid. This plant had an open-pollinated 
seed set of 37%. Two of the 40-chromosome hybrid plants had seed set of 80%, but the 
30-chromosome plant had only 1%, and in subsequent years produced more tillers than 
40-chromosome plants. 
Endrizzi's sudan x S. x almum hybrids were intermediate in appearance and had 
seed set of 78 - 91.5%; similar morphology was seen in kafir xS. x almum. The F2 
generation of the kafir-almum hybrid showed segregation for leaf width, panicle branch 
number, awns, color of midrib, and stigma, and shattering. 
Kafir x S. halepense hybrids were similar in appearance to the kafir-almum 
hybrids, and exhibited considerable heterosis. 
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S. X almum x S. halepeme hybrids were approximately intermediate, though 
Endrizzi noted a slightly greater resemblance to S. halepense, and little heterosis in the 
hybrids. 
Hadley (1958) produced kafir x S. halepense hybrids with somatic chromosome 
counts of 30 and 40. The 30-chromosome plants showed low fertility, panicles that were 
looser and finer, thinner, shorter culms and more numerous rhizomes compared with the 
40-chromosome plants. The 40-chromosome hybrids had very few, short rhizomes. 
plants had no rhizomes, weak rhizomes, or vigorous rhizomes. One F2 plant that lacked 
rhizomes gave an Fg progeny of 12 absent-: 1 weak-: 1 vigorous-rhizomed plants. 
Pritchard (1965) produced hybrids between S. x almum (2n>40) and various 
diploid sorghums, including sorghos and grain sorghums. Male sterile sorghums used as 
seed parents gave offspring with somatic counts of 40; but when hot-water emasculated 
seed parents were used, somatic counts of 30 were obtained. Backcrossing these triploids 
to S. X almum resulted in plants with somatic counts of 30, 32, 34, 37, 38, 40 and 46. 
hybrid: 
S. X almum was described by Parodi (1943) as a new species, probably a hybrid, 
from Argentina. The plant was perennial, with short, ascending rhizomes, differentiated 
from S. halepense in having taller culms, wider leaf blades, and larger spiklets and 
caryopses. Somatic chromosome number was 40. 
PWM* bYbrW; 
Chernicky and Slife (1985) noted that extension agents and growers in northern 
Illinois had difficulty deciding if a common strain of weedy sorghum in the area should 
be identified as 5. halepense or S. x almum. The northern Illinois sorghums were weakly 
rhizomatous, taller, produced about three times as many seed per panicle, and had leaves 
about 1.6 times the width as the strain of Johnson grass from Tennessee they were using 
as a standard of comparison. No mention is made of spikelet size, panicle openness or 
other characteristics. The authors concluded that the Illinois sorghum was probably S. x 
almum or a derivative. No herbarium specimens were prepared from these populations. 
Sorghum-Saccharum Hybrids 
Hybrids between Sorghum and Saccharum were first created in the mid-1930s, in 
an attempt to produce annual sugar canes. Saccharum o/ficinarum L. has somatic 
chromosome numbers ranging from 64 to 128; noble canes are generally 2n=80 (Li et al. 
1959). Singh (1934) reported a somatic count of about 132 for the hybrid. 
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deWet et al. (1976) reported on the cytogenetics of BC^ experimental population 
(((Saccharum officinarum (2n-ca. 112) x 'Rex* sorgho (2n-40)) x 'Wiley' sorgho (2n»20)) x 
*MN 1054' sorgho (2n«20)) x 'Rex* sorgho (2n>40). Initial generations were quite 
Saccharum-Wke, but later generations approached typical sorghum architecture. 
Gupta et al. (1965) reported that (((Saccharum officinarum (2n-ca. 112) x 'Rex' 
sorgho (2n«40)) x 'Wiley' sorgho (2n-20)) x 'MN 1054* sorgho (2n-20)) x 'Rio' sorgho 
(2n»40). The BC^ plants had somatic chromosome numbers of 44 to 50, while BC4F2 
plants ranged from 2n>>40 to 43. Selfing for one or more generations results in almost 
complete elimination of Saccharum chromosomes. Resulting progeny have a basic 
Sorghum morphology with various Saccharum characters superimposed. 
According to Doggett (1970), Saccharum crosses fairly readily with many genera, 
including Miscanthus, Eulalia, Erianthus, and Zea\ therefore, the fact that Sorghum will 
cross does not necessarily indicate a close phylogenetic relationship. 
Electrophoresis of Sorghum Extracts 
PolYncrYlwnlde disc 
Almost all studies of protein variation in sorghum have used the technique of disc 
electrophoresis in a polyacrylamide matrix, sometimes called "tube gels" because the gels 
are formed in glass tubes. Sastry and Virupaksha (1967) seem to have been the first to 
exploit the technique with sorghum; they visualized water- and alcohol- soluble seed 
storage proteins of a number of Indian cultivars stained with amido black and nigrosine 
(general protein stains); they did not report variation between cultivars. 
Collier (1971) used these same techniques combined with stains for particular 
enzyme activities to investigate the relationships of Johnson grass to S. bicolor, S. 
virgatum, S. arundinaceum, S. plumosum, S. verticiiliflorum, S. miliaceum, and S. 
aethiopicum. He found variation only in peroxidase and esterase patterns; PRX and EST 
were identical in all species sampled except S. aethiopicum. Stains were for total protein, 
peroxidase, esterase, and alcohol dehydrogenase. 
Shechter et al. (1974), Shechter and de Wet (1975) and Shechter (1975) reported on 
electrophoresis of extracts of single seeds as a method of studying intra-populational 
variation, and as racial markers in sorghum. The gels were stained with Coomassie Blue, 
a general protein stain, and for MDH (malate dehydrogenase) activity. They reported 
similar but non-identical patterns for Bicolor, Caudatum, Durra, Guinea and Kafir races. 
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Paulis and Wall (1979) compared alcohol-soluble proteins from sorghum seed meal; 
the banding patterns obtained seem to lack any information of taxonomic significance. 
Chavan et al. report similar sorts of data from their 1980 study. 
Mainra and Nainawatee (1981) examined seed extracts of eight sorghum species for 
esterase and total protein variation. They reported similarity indices between pairs of 
species for both total protein and esterase of 20 to 68%. 
Tripathi et al. (1983) compared total protein, esterase, alcohol dehdrogenase, and 
glutamate dehydrogenase patterns from seed extracts of male sterile, maintainor, and 
restorer lines of S. bicolor. Variability was seen in esterase patterns. 
Taylor and Schussler (1984) used disc electrophoresis to distinguish prolamine 
patterns between cultivars of South African sorghums. Because this technique, in 
Sorghum, can distinguish only a fraction of genetically contaminated seeds, it can be used 
only in conjunction with other techniques. 
fgcusHiiig 
Sastry et al. (1986) used isoelectric focusing and high-performance liquid 
chromatography to study genetic variation of sorghum grain storage proteins; these 
techniques look promising for cultivar verification. 
Because the usual form of starch gels are slabs, a number of samples can be 
electrophoresed at one time. The slabs are usually thick enough that they can be sliced 
into a number of parallel slices, and each slice stained for a different enzyme activity. 
The cost of running each sample for each stain is generally much lower than in 
acrylamide systems, and starch gel electrophoresis has become the method of choice for 
studies involving isozyme variation in plants. ' 
Bridges (1982) reported results for starch gel electrophoresis of 42 lines, 
populations, and hybrids of sorghum using three gel systems and eleven enzyme stains: 
alkaline phosphatase, acid phosphatase, glutamate-oxaloacetate transaminase, esterase, 
alcohol dehydrogenase, peroxidase, isocitrate dehydrogenase, malate dehydrogenase, 6-
phosphogluconate dehydrogenase, fi-glucosidase, and phosphoglucomutase. Shoot and root 
tissue from dark-grown seedlings was used. All enzyme patterns examined for all 
accessions were identical except for a single line displaying variants for MDH and EST. 
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Morden et al. (1987) developed a series of protocols for starch gel electrophoresis 
of sorghum seedling proteins. They used 5 gel systems and 17 enzyme systems to resolve 
32 loci. 
Doebley and Schertz (1985), using the techniques later published by Morden et al. 
(1987), reported average heterozygosity for 13 enzyme systems of 26 accessions (104 
individuals) of all Harlan and deWet races of S. bicolor of 0.002, well below the Hardy-
Weinberg expectations of 0.007. Most accessions were completely homozygous, but five 
accessions showed within-accession variation. 
Average allele frequencies were calculated, modified Rogers* distances computed, 
and average linkage cluster generated (see Fig. 1). The Doebley and Schertz report is 
preliminary to the work Doebley expects to publish in 1989-1990. 
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Fig. 1. Cluster analysis of isozyme data (Doebley and Schertz, 1985) 
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SHATTERCANE BIOLOGY 
Shattercanes are most notoriously found in bottomland areas, where their 
phenology is highly correlated with that of corn and grain sorghum. "Seeds" (actually 
colonize. Even if no further seed is produced by the colony, the dormancy of the seed 
that initially colonized the area ensures several years' infestation. 
Shattercane infestations are of great concern to growers because of potential 
economic damage: a corn field heavily infested with shattercane may show a 50% yield 
reduction (Furrer and Burnside, 1962). Most weed control programs, however, do not 
seem to take much of what is known into account. 
Shattercane seed (caryopses enclosed by tight glumes) buried 22 cm deep in soil in 
three locations in Nebraska were followed for 14 years by Burnside et al. (1977); 
germination percentages dropped to 0 at all three locations after the 13th year. Average 
germination for all locations was: 
Jacques et al. (1974) studied comparative longevity of grain sorghum and two 
shattercanes in relation to depth of burial in soil. One of the two shattercanes was the 
common loose-panicled form with long, tight glumes; and the second form with a compact 
panicle they characterized as "mostly glumeless" (no vouchers were deposited, so I am 
unsure if the second form had very short glumes, or whether the grains fell free of the 
spikelets or caryopses) seem to float well, andhave a long seed dormancy.-.^(Furrer and , 
\  5 . 
Burnside, 1962). During floods, shattercane propagules can move to a new area and 
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glumes). "Seeds" (spikelets or caryopses) were mixed with soil, then buried 7.5 - 15 cm 
deep, 15-22.5 cm deep, or 30.5 to 38 cm deep, and retrieved at 4, 8, 12, 24 or 36 months 
after burial. No grain sorghum seeds were viable after 8 months (most had germinated 
before 4 months of burial), and only a few of the compact-head seeds were viable after 4 
months, although some remained viable for 3 years at the 30.5-38 cm depth. Some open-
panicle shattercane seeds were viable after 3 years of burial at any depth, although light 
was then required for germination. The investigators attributed the longer viability of the 
open-panicled shattercane seed to decreased fungal attack or deeper dormancy. 
Dormancy 
Clark et al. (1967) posited three mechanisms for dormancy in grain sorghums: two 
that affected seed only until physiological maturity, and a third in only one cultivar, 
'Martin*. Since 'Martin* was the most rapidly maturing, the authors proposed that rapid 
seed development is correlated with deeper dormancy. However, it must be pointed out 
that the operational definition of dormancy in this study was "not germinated after 7 days 
of alternating 20/30*C treatment". 
Clark et al. (1968) studied dormancy in populations of grain sorghums segregating 
for brown testa and pericarp color. Parents were a Kafir, genotype bjb^B^^Sy and a 
Shallu, BjBjb^2^S. Both parents had white seeds, but the F2 generation had brown 
pericarps. (Because testa and pericarp are maternal tissues, the normal F2 segregation 
occurs first in Fg seeds.) Their data suggest that brown pericarp and brown testa are 
correlated with dormancy or delayed germination. However, the authors do not indicate 
if the ungerminated seed was dormant or simply inviable. 
Control 
Shattercane may be controlled by cultural practices or by chemical means. 
Chemical controls 
One of the most promising chemical controls for shattercane in corn was EPTC 
("EPTAM) (Eradicane is EPTC with the safener R25788). However, after Eradicane is 
applied to a field for several years, the rate of decomposition of the chemical in the soil 
increases to the point that it is useless for shattercane control (Gunsolus and Fawcett, 
1981). This study, and one using EPTC on shattercane from EPTC-treated and non-
EPTC-treated fields in greenhouse soils (Martin and Roeth, 1978), seem to have allayed 
fears that shattercane itself was rapidly acquiring EPTC resistance. 
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CultMfll PfMtfCM 
Agronomic practices that seem to affect shattercane populations significantly 
include planting dates, cultivation, rotations, roguing, and harvesting. 
Planting date» In a recent study in Dallas County, Iowa, the effects of planting 
dates, crops, and tillage systems on shattercane populations were evaluated. Oyarzabal and 
Owen (ined.) found average population densities at emergence of 40 shattercanes/m^ when 
corn or soybeans were planted early, but 28/m^ when crops were planted later. 
Cultivation Oyarzabal and Owen (ined.) also found significant differences in 
shattercane populations under various cultivation regimes. Final populations in no-till 
plots averaged 41/m^, in reduced tillage, 34/m^, and 28/m^ in conventional tillage plots. 
More deeply buried seeds also germinated in conventional tillage plots (average depth of 
seed germination was S.32 cm) than in reduced tillage (4.02 cm) or no-till (1.55 cm) plots 
for the early planting date. A similar pattern was seen for the late planting date. 
Rotation Crop rotation is probably the least expensive and most effective 
means of controlling shattercane, as well as many other weeds (Oyarzabal, Agronomy 
Dept., Iowa State University, pers. com.). Mikula (1956) noted that rotation and planting 
crops in such a manner that cross-cultivation was possible were the best methods for 
reducing shattercane populations then available. 
RoBuing Rosenow and Clark (1969) regard thorough roguing of seed production 
fields as basic to reducing or eliminating shattercane and offtypes from growers' fields. 
Shattercanes Elsewhere 
Shattercanes seem to occur in any area where sorghum is grown. In countries 
where agriculture is not heavily mechanized and crop rotation is practiced, offtypes and 
uneven maturity are not considered to be particular problems. However, in areas where 
common agricultural practice demands even-maturing, even-height crops with little or no 
variation in seed color, etc., shattercanes are considered to be a major problem. In the 
Soviet Union, shattercanes are prevalent, but control measures are primarily cultural: crop 
rotation and cultivation (Lyle Derscheid, Agronomy Dept., South Dakota State Univ., 
personal communication). 
AujfrnHio ahuttereuMi 
Until 1977, shattering offtypes were not seen in Australia, although S. 
verticilliflorum, S, sudanense, S. miliaceum, S. brevicarinatum, S. halepense, and S. x 
almum were present, along with the remaining four of the five offtypes described by 
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Clark and Rosenow (1968). The plants discovered in Queensland in 1977 varied in height 
and other phenotypic characters; the most common form was about 2 m tall, slender-
stalked, freely tillering, and was described as having loose, open panicles, and grains 
enclosed by dark brown or black glumes. Simon (1979), however, presents a photograph 
of representative inflorescence types found in the Queensland shattercanes; these consist 
of types that would be rated 2e, 3e, or 4e in the IBPGR descriptors (House, 1985) (see 
Fig. 4). These photographs are similar to many (but not all) midwestern US shattercanes. 
Simon (1979) discussed the relationship of feral forage sorghums in Queensland to 
the development of the shattercane problem there. S. verticilli/lorum is naturalized in 
Queensland, and shatters by callus abscission. Most of the shattercanes recovered in 1977 
and 1978 had wider leaf blades than S. verticilli/lorum or S. brevicarinatum^ as wide or 
wider than cultivated grain sorghums. He considered S. sudanense an unlikely parent 
because it shatters by fragile rachis, not by callus. 
Simon thought S. halepense, S. x almum, and S. miliaceum were unlikely to be 
possible sources of shattering because of their rhizomes and their somatic chromosome 
numbers of 2n>40. He did, however, acknowledge that 2n-20 S. halepense is known, and 
could be crossing with S. bicolor. 
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MORPHOLOGICAL ANALYSES: MATERIALS AND METHODS 
Collection of Specimens 
rUW wlltçtigiw 
I collected Sorghum throughout the midwestern U.S., in the states of Iowa, 
Nebraska, Missouri, Illinois, Kansas, Oklahoma, New Mexico, Texas, Indiana, Kentucky, 
and Arkansas, during the 1981 through 1986 growing seasons. Populations were located 
by driving secondary roads, by talking with extension agents, and by talking with local 
residents. When it was possible, I questioned the informants about previous crop history 
in that field, duration of the infestation, and whether or not the population seemed to be 
spreading. 
Sites were sampled after inspecting the site for amount and type of apparent 
variation, and for different species or subspecies. If, for instance, the site was a field of 
grain sorghum, with Johnson grass, offtypes, and shattercane in or around the field, I 
would take at least one plant of the grain sorghum and Johnson grass, and one plant of 
each form of offtype and shattercane seen. If the crop plant was a sorghum, I would also 
walk several rows of the crop, arms outstretched, to locate shattering types that were 
visually indistinguishable from the crop. 
Fig. 2 (p. 44) shows panicles from three representative sites: 2A and 2B show 
panicles from a grain sorghum field in Seward County, Nebraska; 2C from a grain 
sorghum field in Hill County, Texas, and 2D shows three S] individuals derived from a 
shattercane collected in a cornfield in Haskell County, Kansas. These populations will be 
more thoroughly discussed later in this morphology section. The types of shattercanes and 
offtypes seen in non-sorghum fields are usually like the dark-glumed types in Fig. 2D. 
Fig. 3 (p. 46) illustrates portions of the inflorescences of specimens that were used 
in the cluster analysis discussed later. 
If there were plants of particular interest at the site, or plants that were too 
immature to judge the dispersal behavior, I dug these plants and trimmed the main culm 
to two or three nodes from the base. These specimens were then grown on in the 
greenhouse for further evaluation. 
In order to make the most of my limited field time and to sample as wide an area 
as possible, collection sites were at least five miles apart, except in a very few areas that I 
sampled more intensively. 
Fig. 2. Photographs of representative panicles from three coUectioa sites, exhibiting range of morphological variation. All 
numbers refer to my collections. See also List 1, p. 49 
A and B. Grain sorghum, offtypes, shattercanes and johnsongrass from a grain sorghum field in Seward Co., 
Nebraska. Klier 886 
A. 1: 886d 2: 886a 3: 886c 4: 886b 
B. 1: 886g 2: 886h 3: 886f 4: 886e S: 886i 6: 886k 7: 886j 8: 8861 
C. Klier 960. Two offtypes and two shattercanes, S| progeny of a shattercane from a comfîeld in Haskell Co., 
Kansas (Klier 863) 
D. Grain sorghum, offtypes, shattercanes and johnsongrass from a grain sorghum field in Hill Co., Texas (Klier 
907). 1: 907f 2: 907g 3: 907h 4: 907i 5: 907j 6: 907a 7: 907c 8: 907b 
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Fig. 3. Photographs of portions of panicles from specimens used in cluster analysis All 
numbers are my collection numbers (see List 1, p. 49). Arranged by cluster 
number in the cluster analysis illustrated in Fig. 6. Grid in background is 1/10 
inch squares 
Cluster I. A: 924a B: 886c C: 886k 
Cluster 2. D: 971a E: 924c 
Cluster 3. F: 926a G: 975.2 H: 886j 
Cluster 4. I: 886a J: 91 le K: 921f L: 927c 
Cluster 5. M: 927c N: 907e O: 886h P: 927d 
Cluster 6. Q 927a R: 982 
Cluster 7. S: 899 T: 907f 
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Herbarium specimens of all collections used in the morphological or isozyme 
analyses are deposited in the herbarium of Iowa State University (ISC). Specimens from 
additional sites will be retained at ISC as unmounted specimens with labels, and copies of 
those labels are placed in the main collection. These "additional site specimens" fall 
within the range of variation of the specimens used for morphological analysis; the bulk 
of this collection (about the equivalent of two herbarium cases) makes it uneconomic to 
process more fully. 
Qrowth wndw grtgnhowsg çondltons 
Because I was not always able to collect mature sorghum specimens, I often had to 
dig specimens for growing on in the greenhouse. For convenience in transporting the 
specimens, I generally pruned the main culm to 30-50 cm (2-3 nodes). The roots were 
washed free of soil, then the plants were transplanted into appropriately sized clay and 
plastic pots. 
gwmmfr Flgts 
Plants that had been maintained in the greenhouse were transplanted to a summer 
plot in May and June of each year. This plot, used from 1983 through 1987, on the 
outskirts of Slater, Iowa, was located in an abandoned railroad right-of-way that had been 
planted with smooth brome (Bromus inermis). 
Row spacing in the summer plots was 1.3 m between rows; intrarow spacing was 
0.7 m for plants carried over from the greenhouse, and 0.4 m for seedlings. Routine care 
included weeding and supplemental water as needed. 
Choice of Analytical Methods 
After reviewing taxonomic and agronomic literature, it became apparent that there 
were problems in defining the limits of a taxon. First attempts to identify my collections 
using the keys in Snowden (1936, 1955) were frustrated because many specimens 
combined characters from one or more "Snowdenian species". 
I chose, therefore, to concentrate on a phenetic analysis of gross morphological 
variation, and an analysis of isozyme variation, in hopes that some pattern underlying the 
seeming chaos might appear. From inspection of the specimens, and from initial 
measurements of selected characters, it was apparent that univariate statistics would not be 
helpful. 
Cladistic analysis is inappropriate because of the methodological difficulties in 
dealing with hybrids; one must first identify the hybrids, remove them from the analysis. 
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construct the cladogram, then place the hybrids appropriately. When dealing with a group 
where hybrids are suspected but not easy to identify, such an approach may be very 
misleading. 
Two major statistical methods that are appropriate for data exploration in this 
study are Principal Components Analysis (PCA) and cluster analysis. Sneath and Sokal 
(1973) report that PCA and similar ordination methods tend to be most useful where there 
are large distances between major clusters, but is less reliable among closely spaced OTU's 
within clusters. The converse tends to hold for cluster analysis techniques. 
Steven Rathbun, consultant in the Iowa State University Statistics Department, 
helped me with the character coding and did the actual data analysis. The method we 
chose was UPGMA (unweighted pair group mean analysis), a sequential, agglomerative, 
hierarchical, non-overlapping cluster analysis method. A priori^ there is no reason to 
assume that any character or any cluster should be more heavily weighted in analysis, and 
this method does not use such weighting. 
Specimens Used In Cluster Analysis 
Data for cluster analysis of shattercanes was gathered from specimens collected 
from naturally occurring populations and from F| and S| plants from those populations. 
Data from a few herbarium specimens of known cultivars were also included in the 
analysis. These specimens are in List 1 (p. 49), with collection data and species 
identification under the Snowden system. I used Snowden's taxonomy because it is the 
most detailed taxonomy accepted to date. Some of the species identifications in List 1 are 
in parentheses; these denote that there are one or more characters differing between the 
specimen and Snowden's delimitation. The shattering character is especially problematic, 
since none of Snowden's series Sativa except S. virgatum and S. lanceolatum are supposed 
to shatter. The shattering forms are mainly confined to subsection Halepensia and series 
Spontanea of subsection ArmdinacesL. Most of the shattercanes and offtypes I collected in 
the midwestern U S. do not fit into the delimitations of these shattering taxa. My 
collection numbers indicate both a site number (the numeric portion), and an individual 
from that site (the alphabetic portion). 
Choice of Characters 
Following the principles of Sneath and Sokal (1973), I listed morphological 
characters that had been used in previous taxonomies, genetic characters from the plant 
breeding literature (including a subset of the "Sorghum Descriptors" used by the 
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List 1. Specimens used in cluster analysis. Numbers not preceded by an alphabetic 
character are Klier collection numbers; those preceded by an alphabetic character 
were collected by others 
863 Iowa: Woodbury Co. Cornfield with history of rotation to oats. Shattercane not 
controlled by EPTC or atrazine. 
863 S. dochna. 
867 Iowa: Crawford Co. Railroad right-of-way. Plants up to 4 m tall in wet areas. 
867b-1231 S. drummondii. Caryopsis shape more like S. nitens. 
869 Iowa: Shelby Co. Margin of cornfield. 
869 S. drummondii. 
882 Iowa: Monroe County. Margin of cornfield. Uniform, rhizomatous, non-invasive 
population. 
882.1 S. X almum. 
886 Nebraska: Seward Co. Grain sorghum field with offtypes and shattercane. 
886a (S, dochna). Callus shattering, nonrhizomatous, orange "turtle-backed" 
grains enclosed about two-thirds by shiny black glumes. Differs from 5. dochna 
in pubescence and shattering; grain similar to S. cmdatum. 
886b S. caudatum. Crop form. Lighter colored glumes than 886c or 886d. 
886c S. caudatum. Black glumes. Panicle much looser than 886b. 
886d & caudatum. Nonshattering, orange seeded, straw colored glumes. 
886e (similarities to S. caudatum, S. nigricans and S. dochna). None of these 
three species shatter. Differs from S. cmdatum in general size, from S. dochna in 
shape of sessile spikelet, and from S. nigricans in proportions of sessile spikelet. 
886f (S. dochna). Callus shattering, nonrhizomatous, with brown caryopses 
enclosed in reddish-purple, pubescent glumes. Differs from S. dochna in 
shattering. 
886g (S. miliiiforme). Differs in shattering. 
886h (S. dochna). Differs in shattering. 
8861 is. dochna). Differs in shattering. 
886J (& caudatum). Callus shattering. Relatively dense panicle for a shattercane, 
but not as tight as most grain sorghums. Differs from S. caudatum in shattering. 
so 
List 1. (continued) 
886k (S. caudatum, S. nigricans) — Callus shattering, nonrhizomatous, tight 
inflorescence; dark reddish-black glumes. Similar to both S. caudatum and S. 
nigricans, but differing in pedicellate spikelet characters and shattering. 
8861 S. almum (?). Callus shattering, awnless, straw colored glumes, all grains 
aborted. Close to S. halepense. 
889 Nebraska: Lancaster Co. Grain sorghum field with offtypes and shattercanes. 
889-1244 (S. dochna). Differs in shattering. Glumes less appressed than S. 
bicoior sensu Snowden. 
889-1250 S. aimum (?). Callus shattering, awnless, straw colored glumes, all 
grains aborted. Close to S. halepense. 
889m (5. bicoior^ S. caudatum). Callus shattering, dark glumes with dark orange-
brown seeds. Caryopses similar to S. caudatum^ but pedicelled spikelet characters 
wrong; grains a little wide for S. bicoior. Neither species should shatter. 
889b S. caudatum, S. caffrorum. Nonshattering type being cultivated as grain 
crop. Glume and caryopsis characters approximately intermediate between the two 
spacies. 
890 Nebraska: Cass Co. Grain sorghum field with shattercanes and offtypes. 
890.1 (S. dochna). I.S-3 m tall, dark glumed, fragile-rachis shattercane. Differs 
from S. dochna in shattering. 
890.2 S. dochna. 2 m tall forage-type sorghum; nonshattering. 
890.3 S. cmdatum, S. caffrorum. 1 m tall crop sorghum, nonshattering. Glume 
and caryopsis characters intermediate between the two species. 
890.5 & caudatum, S. caffrorum. 2 m tall crop sorghum, a tall offtype in this 
field. Otherwise like 890.3. 
892 Kansas: Haskell Co. Johnson grass around tailwater pit. 
892 S. halepense. Awnless form with slightly smaller than average sessile 
spikelets. 
893 Kansas: Haskell Co. Edge of cornfield. 
893.1 (S. verticilliflorum, S. dochna). Callus shattering offtype with dark glumes. 
Caryopses too wide for description of S. verticilliflorum, caryopses slightly narrow 
for S. dochna. 
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List 1. (continued) 
899 New Mexico: Union Co. Roadside ditch in rangeland. 
899 S. halepense. Rhizomatous, 1.8 m tall. 
901 New Mexico: Quay Co. Roadside ditch in rangeland. 
901 S. halepense. 
907 Texas, Hill Co. Weedy sorghum field with many offtypes, shattercanes and Johnson 
grass. 
907m S. guineense, S. caudatum. Nonshattering, black glumed offtype with glume 
and caryopsis characters intermediate between the species. 
907b S. guineense, S. caudatum. Nonshattering, light glumed offtype with glume 
and caryopsis characters intermediate between the species. Differs from 907c in 
more open panicle. 
907c S. guineense, S. caudatum. Nonshattering, crop with glume and caryopsis 
characters intermediate between the species. 
907e (S. dochna). Awnless form. 
907f S. halepense. Form with very small grains. 
907g (S. dochna). Callus shattering, with brown grains enclosed in purple-black 
glumes; caryopses more like those of S. caudatum and S. caffrorum. 
907h (5. dochna). Rachis shattering, awnless. 
911 Oklahoma: Bryan Co. Weedy grain sorghum field. 
911* (S. caudatum). Callus shattering, purple black glumes. Differs in shattering 
from crop strain. Evidence of S. guineense ancestry in twisting of caryopses in 
glumes. Leaves slightly wider than 911b. 
911b (S. caudatum). Callus shattering, purple black glumes. Differs in shattering 
from crop strain. 
911c S. caudatum. Nonshattering, purple-black glumes. Evidence of S. guineense 
ancestry in twisting of caryopses in glumes. 
91 Id S. caudatum. Nonshattering, purple-black glumes. Evidence of S. 
guineense ancestry in twisting of caryopses in glumes; grains slightly smaller than 
911c. 
91 le S. caudatum. Nonshattering, purple-black glumes. Evidence of S. guineense 
ancestry in twisting of caryopses in glumes. 
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List 1. (continued) 
91 If S. halepense. 
91 Ig (S. dochna). Callus shattering, buff grains nearly enclosed by black glumes; 
awn curved, not geniculate; caryopsis characters similar to S. caudatum and S. 
ca/frorum. 
91 Ih (S. caudatum). Callus shattering, orange-seeded, dark glumed grain type; 
inflorescence slightly looser than cultivated form; evidence of S, guineense ancestry 
in twisting of caryopses in glumes. Differs from S. caudatum primarily in 
shattering. 
918 Kansas: Atchison Co. Edge of soybean field 
918a 5. dochna. 
918b S. drummondii. 
918c S. dochna. 
919 Kansas: Pottawattamie Co. Grain sorghum field with many off types and Johnson 
grass. 
919a (S. dochna). Differs primarily in shattering. Loose panicled form. 
919b (S. dochna). Differs primarily in shattering. Panicle more compact than 
919a. 
919c (5. bicolor sensu Snowden). Callus shattering, nonrhizomatous, brown grains 
nearly enclosed by pubescent glumes. Differs from S. bicolor in leaf width and in 
pedicelled spikelet dehiscence. 
919d (S. bicolor, S. dochna). differs from both species in shattering, and from 5. 
bicolor in character of pedicellate spikelets. 
919e S. halepense (?). Abortive caryopses. Morphological characters fit species. 
919f S. caudatum. Crop form. 
920 Kansas: Pottawatamie Co. Shattercanes and off types from edge of cornfield. 
920a (S. di'ummondii). Caryopses more like S. dochna. 
920b {S. drummondii). Caryopses more like S. dochna^ larger than 920a. 
920c (S. drummondii). Caryopses more like S. dochna; panicle more open than 
920a or 920b. 
921 Kansas, Pottawattamie Co. Shattercanes and offtypes from edge of cornfield. 
921a (S. dochna). Differs in shattering by callus. 
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List 1. (continued) 
921b S. caudatum. Dark glumes, brown grains, nonshattering. 
921d (S. dochna). Callus shattering, nonrhizomatous, buff grains completely 
enclosed by purple-black glumes. Differs from S. dochna in shattering, and has 
grain characters reminiscent of S. caudatum and S. caffrorum. 
921e (S. caffrorum). Differs in callus shattering; glumes dark. 
921f (S. dochna). Callus shattering, nonrhizomatous, buff grains nearly enclosed 
by mahogany-black glumes. Differs from S. dochna in shattering, and has grain 
characters reminiscent of S. caudatum and S. caffrorum. 
922 Nebraska: Pawnee Co. Grain sorghum field with offtypes. 
922a (S. dochna). Differs in shattering by callus. 
922b S. caudatum, S. caffrorum. Grain and glume characters intermediate. 
923 Nebraska: Burt Co. Grain sorghum field with offtypes and shattercanes. 
923 S. sudanense. Differs in disarticulation of pedicellate florets. 
924 Nebraska, Burt Co. Grain sorghum field with many offtypes. 
924* S. caudatum. Crop. 
924b S. dochna. 
924c {S. dochna). Rachis shattering, orange grains nearly completely enclosed in 
black glumes. Differs in shattering; grain characters reminiscent of S. caudatum. 
924d S. dochna. Panicle less compact than 924b. 
924e S. caudatum. Crop. Panicle slightly more compact than 924a. 
924f S. caudatum. Crop. 
926 Nebraska, Platte Co. Nonrhizomatous offtypes and shattercanes in ditch near 
soybean field. 
926m (S. dochna). Callus shattering. Differs from S. dochna in shattering. 
926b (S. dochna). Callus shattering. Differs from S. dochna in shattering. 
926c (S. dochna). Callus shattering. Differs from S. dochna in shattering. 
926d (5. dochna). Callus shattering. Differs from S. dochna in shattering. 
926e (S. dochna). Callus shattering, nonrhizomatous, semi-loose panicled form; 
brown, ovate, biconvex grains slightly exposed by dark brown glumes with white 
pubescence. This plant has most of the grain characters of S. caudatum and S, 
caffrorum, but glume characters of S. dochna. 
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List 1. (continued) 
926f {S. dochna). Callus shattering, nonrhizomatous, brown caryopses enclosed by 
shiny, black glumes. Differs from S. dochna in shattering and pubescence. 
927 Nebraska: Platte Co. Offtypes and shattercanes on edge of cornfield. 
927* {S. drummondii). Differs in callus shattering; has caryopses similar to S. 
caudaium. Glumes black. 
927b (S. drummondii). Differs in callus shattering; has caryopses similar to S. 
caudatum. Glumes light brown. 
927c {S. drummondii). Differs in callus shattering; has caryopses similar to S. 
caudatum. Glumes mahogany. 
927d S. drummondii. Nonshattering; has caryopses similar to S. caudaium. 
930 Nebraska: Merrick Co. Grain sorghum field with offtypes and shattercanes 
930 (S. drummondii) (?). Immature, but abscission callus has developed. 
930.1 (S. drummondii) (?). Immature, but abscission callus has developed. 
931 Nebraska: Hall Co. Grain sorghum field with shattercanes, Johnson grass and 
offtypes. 
931.1 (S. drummondii). Differs in shattering by callus; grains slightly smaller 
than average. 
931b S. drummondii. Grains slightly smaller than average. 
931c <S. caudatum. 
932 Nebraska: Clay Co. Shattercanes and offtypes in road ditch. 
932a S. dochna. 
932b S. caudatum. Form with very open panicle. 
932c (S. dochna). Differs in shattering by callus. 
949 Indiana: Posey Co. Cornfield in Ohio River floodplain. 
949-1222 5. halepense. 
953 F| of 927d. Grain sorghum from Platte Co., Nebraska (open pollinated). 
953e S. dochna. Grain slightly small for species description. 
953f S. dochna. Grain slightly small for species description. 1.8 m tall in 
summer plots. 
954 Sj of 863, offtype from Woodbury Co., Iowa. 
954-1021 S. dochna. 
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List 1. (continued) 
955 Sj of 889b from Lancaster Co., Nebraska. 
955-1219 S. caudatum. 
958 S| of 879a, a callus shattering, narrow-leaved offtype from sorghum seed production 
field in Mahaska Co., Iowa. 
958-1063 (S. dochna). Callus shattering, nonrhizomatous plant about 1.2 m tall in 
1985 summer plots. Plano-convex grains similar to S. caudatum. 
960 S| of 893, a shattercane from Haskell Co., Kansas. 
960-1064 S. dochna. 
961 Sj of 892, a Johnson grass from Haskell Co., Kansas. 
961 S. halepense (?) (perhaps a backcross to S. x almum). Grains poorly 
developed. 
970 S| of 926d, a compact-panicled, callus shattering, nonrhizomatous form from Platte 
Co., Nebraska, close to S. dochna. 
970-1039 {S. dochna). Callus shattering, with plano-convex grains reminiscent of 
S. caudatum 2 m tall in 1985 test plot. Differs from both species in shattering. 
971 Sj of 886d; cultivated grain sorghum from Seward Co., NB. 
971m (S. caudatum). Callus shattering, orange seeded, straw colored glumes. 
Differs from S. caudatum in shattering. 
97Id S. caudatum. 
972 Tall (ca. 2 m) Sj progeny of 890a, from Cass Co., Nebraska. 
972.1 S. dochna or S. drummondii. Caryopses reminiscent of S. caffrorum. 
974 Short (ca. 1 m) S| progeny of 890a, from Cass Co., Nebraska. 
974.1 (5. dochna). Differs in shattering by callus. 
975 S| of 926d, a compact-panicled, callus shattering, nonrhizomatous form from Platte 
Co., Nebraska, close to S. dochna. 
975.1 is. dochna). Callus shattering, with grain characters similar to S. caffrorum 
and S, caudatum 1.5 m tall in 1985 test plot. Differs from all three species in 
shattering. 
975.2 (S. dochna). Callus shattering, with grain characters similar to S. caffrorum 
and S. caudatum. Differs from all three species in shattering. 
977 S| of 886c, a dark glumed grain sorghum offtype from Seward Co., Nebraska. 
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List 1. (continued) 
977.1 S. caudatum. Glumes more like S. dochna in the way they enclose 
caryopsis. 1-1.2 m tall in summer plots. 
977.2 S. caudatum. 1-1.2 m tall in summer plots. 
981 S| of 924a from a grain sorghum field in Burt Co., Nebraska. 
981-1056 S. caudatum. 1 m tall in 1985 summer plot. 
981-1056* S. caudatum. 1 m tall, (a second sheet of the previous individual 
from 1986 summer plot). 
982 S] of 882, S. x. almum from Monroe Co., Iowa. 
982 S. X. almum. Uniform, rhizomatous, 2 m tall in 1986 summer plot. 
983 SI of 927c, from Platte Co., Nebraska. 
983 (S. drummondii) 2 m. tall, uniform in summer plots. Callus shattering but 
grains immature and reminiscent of & dochna. 
984 F| of 893 (open pollinated), a shattercane from Haskell Co., Kansas. 
984.1 {S. dochna). Differs in shattering by callus. 
984.2 {S. dochna). Differs in shattering by callus. Darker glumes than 984.1. 
988 Sj of 911a, from Bryan Co. Oklahoma. 
988-1018 (S. caudatum). callus shattering, orange grains, mahogany glumes; 1.5 
to 2 m tall in 1983 summer plot. Some characters reminiscent of Snowden's 
subseries Durra. Differs from S. caudatum in shattering and number of nerves on 
first glume. 
988-1019 S. caudatum. 
988.1 (JS. caudatum). Differs in shattering by callus; glumes enclose caryopsis like 
those of S. dochna. 
989 S| of 886a, a callus shattering form with similarities to S. dochna and S. caudatum. 
989.1 S. caudatum. 
sa-281 S. caffrorum. Nebraska: Lancaster Co.: Lincoln. "Early Hegari". cultivated at 
Ag. Experiment Station, no. collector. September, 1949. (MO). 
u311 S. drummondii. Illinois: DuPage Co: Wheaton. Cultivated in garden. WS Moffatt 
311. 9 Aug 1896. (ILL). 
u522 probably S. x almum (no root system). Indiana, Lake Co. Along railroad tracks 
near Clarke. WS Moffatt 522. 12 Sept. 1896. (ILL). 
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List 1. (continued) 
u756 S. propinqmm (spikelet morphology matches, but specimen lacks roots). Phillipines, 
Leyte, N. Guingawan. Open field. SF Glassman 756, 10 Aug 1945. (ILL). 
ul549 S. dochna. Illinois: Douglas Co.: Areola. Cultivated broomcorn. OS 
Winterringer 1549. 25 August 1948. 
ul600 S. X almum. Texas: Kleberg Co.: King Ranch, Blackland Nursery. RE Perdue 
1600. 11 July 1954. 
ul0579 S. drummondii, Illinois: Peoria Co.: Bartlett. VH Chase 10579. 29 July 1949. 
Determined by Agnes Chase as "S. vulgare var. drummondir 
ull750 5. dochna. Illinois: Champaign Co.: Urbana. Cultivated at Ag. Experiment 
Station. "Sorghum vulgare vw. sorghunC. GPC 11750. 5 September 1895. (ILL). 
ull75S S. durra. Illinois: Champaign Co., Urbana. Cultivated at Ag. Experiment 
Station. 'Sorghum vulgare var. sorghum" ^Brown Dwta\ GPC 11755. 5 
September 1895. (ILL). 
u17383 (S. drummondii, awnless form). Illinois: Champaign Co.: Urbana. feral? GN 
Jones 17373. 7 October 1945. (ILL). 
ul8863 S. dochna. Illinois: Champaign Co., Urbana. Cultivated. GN Jones 18863. 25 
Sept 1949. 
u3511a {S. sudanense). Illinois: Peoria Co.: Richwoods Twp. Border of cultivated field. 
(this plant does not shatter). VH Chase 3511. 10 October 1920. (ILL). 
u3511b (5. sudanense). Illinois: Peoria Co.: Richwoods Twp. Border of cultivated field, 
(this plant does not shatter). VH Chase 3511. 10 October 1920. (ILL), (a second 
sheet). 
u3600 (S. sudanense). Illinois: Peoria Co.: Peoria. Border of field, near tubercular 
sanitarium, (this plant does not shatter). VH Chase 3600. 24 July 1921. (ILL). 
u36272 S. miliaceum. Illinois: Mason Co., Argenta. edge of cornfield. GN Jones 36272 
15 September 1953. (ILL) 
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International Board for Plant Genetic Resources (House, 1985), and characters used by 
Snowden (1936, 1955)), and characters that general observations and previous experience 
had taught me might be significant. The list of characters was then refined to those 
visible on the usual herbarium specimens, and probably not logically dependent on each 
other or strongly influenced by the environment. 
List 2 (p. 59) lists the characters and character states scored. Figs. 4 and 5 (p. 65 
and p. 66) illustrate some of the character states scored. 
All measurements were made on dried herbarium specimens. Spikelets were 
considered to be shattering if they could be removed by a slight tug or there was evidence 
that spikelets were already abscissing. Panicle length was measured from the distal tip of 
the most distal spikelet to the lowest (most proximal) node of the panicle; width was the 
maximum width across the panicle as it was pressed (for those few specimens in which all 
panicle branches had been pressed to one side, the panicle was assumed to have been 
symmetrical and the actual width measurement was doubled). Panicle form was scored 
according to the IBPGR standards (House, 1985). Most specimens had straight peduncles, 
although a few "goosenecked" sorghums referable to S. cernuum Host, were included in the 
analyses. Peduncle diameter was measured just below the lowest panicle node. 
The panicle was said to exhibit tortuous branching if many of the primary 
branches were serpentine or convoluted and non-tortuous branching if they were 
essentially linear. 
The number of primary branches at the lowest node of the panicle was counted. 
In broomcorns, with their "umbellate panicles", a true count was not possible: they were 
scored as having 40 branches. When this statistic was used in the cluster analysis, the log 
of the number of primary branches at the first node was used on the advice of the 
cooperating statistician, in order to avoid a bias that might have segregated broomcorns 
from the other sorghums. The lengths of the primary branches were also measured if 
there were four or fewer branches; only four branches were measured in specimens with 
more than four branches. "Sterile length" is the length of a primary branch from the most 
proximal primary node to the most proximal secondary node; "fertile length" is the length 
of the primary branch from that secondary node to the tip of glumes of the most distal 
floret. 
The central rachis of the inflorescence was scored as glabrous, pubescent only at 
the nodes, or pubescent, and as terete or grooved in cross-section. 
59 
List 2. Descriptors, characters and character states used in cluster analysis, adapted from 
list of sorghum descriptors used by International Board for Plant Genetic 
Resources (House, 1985) and characters used by Snowden (1936, 1955) 
Descriptors 
Identification number 
Harlan-DeWet classification 
Bicolor 
Guinea 
Caudatum 
Durra 
Kafir 
Guinea-Bicolor 
Caudatum-Bicolor 
Durra-Bicolor 
Kafir-Bicolor 
Guinea-Caudatum 
Guinea-Kafir 
Guinea-Durra 
Kafir-Caudatum 
Durra-Caudatum 
Kafir-Durra 
Characters 
Disarticulation of sessile spikelets 
Nonshattering 
Shattering by callus 
Shattering by broken pedicel 
Panicle 
General morphology 
Length 
Width 
Form (see Fig. 4) 
1. very lax panicle, typical of wild sorghums 
2. very loose panicle 
3. loose panicle 
4. semi-loose panicle 
5. semi-compact ellipsoidal panicle 
6. compact ellipsoidal panicle 
7. compact ovoid panicle 
8. half-broomcorn 
9. broomcorn ("umbellate") 
Peduncle curvature (see Fig. 5) 
straight 
curved 
Diameter just below basal node 
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List 2. (continued) 
Branching 
tortuous 
non-tortuous 
Lowest node of panicle 
Number of primary branches 
Lengths of primary branches 
sterile length 
fertile length 
Rachis pubescence 
pubescent 
pubescent only at nodes 
glabrous 
Rachis shape in cross-section 
terete 
grooved 
Sessile spikelets 
Shape in side view 
ovate 
obovate 
elliptic 
elliptic-ovate 
elliptic-obovate 
Callus 
Callus pubescence 
pubescent 
glabrous 
Length of callus trichomes 
Glume 1 (lower glume) 
Color 
white 
yellow 
brown 
black 
red 
purple 
Uniformity of color 
uniform 
light tip 
flushed with another color 
spotted, speckled or streaked with another color 
another color along veins 
Location of trichomes on glume (see Fig. 5) 
subterminal 
basal 
marginal 
medial 
List 2. (continued) 
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Texture of glume 
shiny 
dull 
patchy 
Shape of glume 
ovate 
obovate 
elliptic 
elliptic-ovate 
obovate-elliptic 
Dimensions 
length 
width 
Number of nerves visible at tip 
Tip shape 
blunt 
acute 
Tip texture 
coriaceous 
thin 
Keel morphology 
unwinged 
winged 
three-toothed 
Glume 2 (upper glume) 
Color 
white 
yellow 
brown 
black 
red 
purple 
Uniformity of color 
uniform 
light tip 
flushed with another color 
spotted, speckled or streaked with another color 
another color along veins 
Location of trichomes on glume (see Fig. S) 
subterminal 
basal 
marginal 
medial 
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List 2. (continued) 
Texture of glume 
shiny 
dull 
patchy 
Shape of glume 
ovate 
obovate 
elliptic 
elliptic-ovate 
obovate-elliptic 
Dimensions 
length 
width 
Number of nerves visible at tip 
Tip shape 
blunt 
acute 
Tip texture 
coriaceous 
thin 
Keel morphology 
carinate 
flattened 
Awns 
present 
absent 
Shape 
geniculate 
straight 
curved 
Length of basal, twisted portion 
Length of terminal, untwisted portion 
Pubescence 
pubescent 
glabrous 
Persistence 
persistent 
deciduous 
Pedicellate spikelets 
Disarticulation 
persistent 
shattering by callus 
shattering by broken pedicel 
Length 
Width 
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List 2. (continued) 
Number of pedicels remaining attached to sessile spikelet 
Length of pedicel(s) 
Caryopses 
Color 
white 
yellow 
orange 
red 
brown 
buff 
Luster 
lustrous 
dull 
Covering by glumes (see Fig. S) 
uncovered 
1/4 
1/2 
3/4 
completely enclosed 
Grain form 
plump 
dimpled 
Grain shape in "face view" (scutellum parallel to plane of measurement) 
ovate 
obovate 
elliptic 
elliptic-ovate 
elliptic-obovate 
Grain length 
Grain width 
Scutellum length 
Scutellum shape 
ovate 
obovate 
elliptic 
elliptic-ovate 
elliptic-obovate 
Vertical lines 
present 
absent 
Hilum color 
dark 
light 
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List 2. (continued) 
Style 
persistent 
straight 
bent 
various 
insignificant 
Prop roots 
Number of nodes with prop roots 
Number of prop roots at top node 
Rhizomes 
present 
absent 
Leaf 
Margin 
scabrid 
scabridulous 
smooth 
Length of blade 
Width of blade 
Sheath pubescence 
pubescent 
glabrous 
Pubescence at basal portion of dorsal surface of blade 
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# A 
. 4. Inflorescence types in Sorghum, slightly modified from the IGPR 
standards (House, 1985) 
1. Very lax panicle 2. Very loose panicle (erect and drooping forms) 3. 
Loose panicle (erect and drooping forms) 4. Semi-loose panicle (erect 
and drooping forms) 5. Semi-compact ellipsoidal panicle. 6. Compact 
ellipsoidal panicle 7. Compact ovoidal panicle 8. Half-broomcorn 
9. Broomcorn 
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Fig. S. Character states for some inflorescence and spikelet characters in Sorghum used in 
scoring specimens for analysis 
A. Peduncle curvature. 1. erect 2. curved 
B. Coverage of cayopses by glumes. 1. entirely enclosed; 2. one-fourth exposed; 
3. one-half exposed; 4. three-fourths exposed; S. entirely exposed. 
C. Placement of trichomes on glumes. 1. subterminal; 2. basal; 3. marginal; 
4. medial. 
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The shape of the sessile spikelet with mature caryopsis was scored as ovate, 
obovate, elliptic, elliptic-ovate, or elliptic-obovate. This simplified scoring was based 
only on the symmetry of the spikelets, not on proportions; e.g., an oblanceolate spikelet 
was scored as "obovate. 
The callus of most sessile spikelets was pubescent; trichome length was measured 
with an ocular micrometer at lOX. (All measurements of spikelets or caryopses were at 
done at lOX.) 
Glume color was scored as white, yellow, brown, black, red or purple, or some 
combination of these. The glume color character was subsequently excluded from analyses 
because glume color can continue to change after the caryopses have reached physiological 
maturity. However, based on my field experience, patterns of glume coloration are 
generally constant from physiological maturity to plant death; I therefore scored glume 
coloration as uniform, or with a lighter colored tip, or with spotting or streaking, or 
suffused ("flushed") with a second color, or with darkened areas confined to the nerves 
("veined"). 
The glumes are generally covered with trichomes that may be rubbed off by rough 
handling during pressing, or by rubbing with other spikelets in the field. Glumes were 
inspected for trichomes at four areas, shown in Fig. Sc. The glume surface after the 
trichomes were removed was shiny in all specimens examined. The glumes were removed 
from the spikelets by cutting the spikelet just above the callus, and the length, width, 
number of visible nerves, and shape and texture of the tip were determined. Glume 1 
(the outer or lower glume) has two keels; these were scored as unwinged if there appeared 
to be no margin of tissue extending from the keels, winged if tissue extended along the 
keels to the tip, and three-toothed if the wings were prominent and did not extend 
completely to the tip. Glume 2 (the inner glume), may be strongly carinate at the tip, or 
slightly flattened. 
Awns were scored as present or absent. If awns were absent, I looked for 
remnants of an awn attached to the upper lemma. Awns were classed as deciduous if 
remnants were found on the lemma, or if awns were manifestly abscissing, and persistent 
if the majority of spikelets retained the awn. Awns were also scored as to shape 
(geniculate, curved, or straight), and the length of the basal, twisted portion of the awn 
and the distal, untwisted portion were measured, and scored for presence or absence of 
trichomes on the distal portion. 
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Pedicellate spikelets were classed as persistent if they could not be removed with a 
gentle tug on the spikelet, or as abscissing by callus or by broken pedicel. These spikelets 
were also measured for length and width. The number of pedicels remaining on the 
sessile spikelets were noted, and the length(s) of these pedicels. 
Caryopses were scored as white, yellow, orange, red, brown, or buff. Because it 
became apparent that weathering of caryopses can cause color changes, the orange, red, 
brown and buff colors were pooled for analyses. All caryopses were lustrous, and all were 
plump. Coverage of the grains by the glumes was scored according to the IPGRB 
standards in House (1985). 
Shape, length and width measurements were made with the scutellum parallel to 
the plane of measurement. Because many of the grains are "turtlebacked", it was 
convenient to place the grains in a watchglass with a rounded bottom. The grains could 
then be placed on the curved glass so that the scutellum was parallel to the measurement 
plane. 
A pair of vertical lines is visible on the caryopses in some accessions. These lines 
are generally darker than the caryopsis, and may cut through the scutellum or be just 
outside the scutellum. 
The style persists on most caryopses, although it is often broken. Style remnants 
can be described as bent towards the scutellum, as straight, or variously curved. 
In some cases, it was possible to count the number of nodes bearing prop roots, 
and the number of prop roots at each node. However, this was excluded from further 
analysis because the information was not available for most specimens. 
Rhizomes were scored as present or absent. 
Leaf characters were also excluded from analyses on because intact flag leaves 
were not available for most specimens. 
The following characters were eliminated from analysis because they were 
invariant in the specimens examined: 
— rachis shape in cross-section (all were grooved) 
—texture of glumes (all were shiny) 
—keel morphology of glume 2 (all were carinate) 
—luster of caryopses (all were lustrous) 
—grain form (all were plump). 
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Hilum color was eliminated from the analyses because a dark hilum is said (House, 
1985) to generally indicate a physiologically mature grain, and only one sample with badly 
shriveled, greenish-yellow grains, had light hilums. Only physiologically mature grains 
were measured for analysis. 
Other characters were eliminated from analyses because they showed variation 
within a single plant (glume color, style persistence), or because the character was lacking 
in a majority of samples (root, rhizome and leaf characters). 
Raw data were further transformed before analysis, as indicated in List 3 (p. 70). 
Data Analysis 
After removing specimens with more than 5 missing values, a similarity index of 
all specimens was calculated from the data matrix after standardizing all variables to mean 
- 0, variance » 1. These similarity values were then used to form clusters by the 
unweighted pair group mean average method (UPGMA), and a dendrogram was produced 
(Fig. 6, p. 74). 
Clusters were further examined by comparing the data for each cluster marked 1 
to 4 on the dendrogram, clusters 1 through 4 compared with clusters 5, 6 and 7; for 
cluster S compared with 6 and 7 and for cluster 6 versus cluster 7. Continuous character 
states were analyzed using the analysis of variance procedure in the SAS program PROC 
GLM; discontinuous characters were analyzed by means of contrast tables using PROC 
GLM. 
Appendix A lists data used in these procedures. 
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List 3. Character state coding and transformations used in analyses. 
General panicle characters 
Disarticulation of sessile spikelets 
1. 0. Not shattering by callus 
1. Shattering by callus 
2. 0. Not shattering by broken pedicel 
1. Shattering by broken pedicel 
3. Panicle length 
4. Ratio of panicle length to width 
5. Form 
1. very lax panicle, typical of wild sorghums 
2. very loose panicle 
3. loose panicle 
4. semi-loose panicle 
5. semi-compact ellipsoidal panicle 
6. compact ellipsoidal panicle 
7. compact ovoid panicle 
8. half-broomcorn 
9. broomcorn ("umbellate") 
6. Peduncle curvature 
1. straight 
2. curved 
7. Diameter of peduncle just below basal node 
8. Branching 
1. tortuous 
2. non-tortuous 
9. Log (number of primary branches of lowest node of panicle) 
10. Average length of primary branches of lowest node of panicle 
11. Average ratio of sterile length to fertile length of primary branches 
of lowest panicle node 
12. Rachis pubescence 
0. glabrous 
1. pubescent 
13. Shape of sessile spikelets in side view 
1. ovate 
2. elliptic-ovate 
3. elliptic 
4. elliptic-obovate 
5. obovate 
14. Callus pubescence 
0. glabrous 
1. pubescent 
15. Length of callus trichomes 
Glume I (lower glume) uniformity of color 
16. 0. uniform 
1. light tip 
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List 3. (continued) 
Glume 1 color uniformity (continued) 
17. 0. uniform 
1. flushed with another color 
18. 0. uniform 
1. spotted, speckled or streaked with another color 
19. 0. uniform 
1. another color along veins 
Location of trichomes on glume 
20. 0. absent 
1. subterminal 
21. 0. absent 
1. basal 
22. 0. absent 
1. marginal 
23. 0. absent 
1. medial 
24. Shape of glume 1 
1. ovate 
2. elliptic-ovate 
3. elliptic 
4. elliptic-obovate 
5. obovate 
25. Length of glume 1 
26. Ratio of length to width of glume 1 
27. Shape of tip of glume 1 
1. blunt 
2. acute 
28. Texture of tip of glume 1 
1. coriaceous 
2. thin 
29. Morphology of keels of glume 1 
1. unwinged 
2. winged 
3. three-toothed 
Glume 2 (upper glume) uniformity of color 
30. 0. uniform 
1. light tip 
31. 0. uniform 
1. flushed with another color 
32. 0. uniform 
1. spotted, speckled or streaked with another color 
33. 0. uniform 
1. another color along veins 
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List 3. (continued) 
Location of trichomes on glume 1 
34. 0. absent 
1. subterminal 
35. 0. absent 
1. basal 
36. 0. absent 
1. marginal 
37. 0. absent 
1. medial 
38. Shape of glume 2 
1. ovate 
2. elliptic-ovate 
3. elliptic 
4. elliptic-obovate 
5. obovate 
39. Length of glume 2 
40. Ratio of length to width of glume 2 
41. Shape of tip of glume 2 
1. blunt 
2. acute 
42. Texture of tip of glume 2 
1. coriaceous 
2. thin 
43. Keel of glume 2 
0. curved 
1. carinate 
44. Awn shape 
0. awnless 
1. straight 
2. curved 
3. geniculate 
45. Length of twisted portion of awn 
46. Ratio of length of twisted and untwisted portions of awn 
47. Persistence of awn 
0. deciduous 
1. persistent 
Disarticulation of pedicellate spikelets 
48. 0. persistent 
1. shattering by callus 
49. 0. persistent 
1. shattering by broken pedicel 
50. Number of pedicels shed with sessile spikelet 
51. Average length of pedicels 
52. Length of pedicellate spikelet 
53. Ratio of length to width of pedicellate spikelet 
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List 3. (continued) 
54. Color of caryopses 
1. white 
2. yellow 
3. orange, brown, buff 
55. Coverage of caryopses by glumes 
0. uncovered 
1. 1/4 
2. 1/2 
3. 3/4 
4. completely enclosed 
56. Grain shape in "face view" (scutellum parallel to plane of measurement) 
1. ovate 
2. elliptic-ovate 
3. elliptic 
4. elliptic-obovate 
5. obovate 
57. Length of caryopsis (average of three) 
60. Ratio of length to width of caryopsis (average of three) 
61. Ratio of length of scutellum to length of caryopses (average of three) 
62. Scutellum shape 
1. ovate 
2. elliptic-ovate 
3. elliptic 
4. elliptic-obovate 
5. obovate 
63. Vertical lines on caryopsis 
0. absent 
1. present 
74 
oi 01 (D flD c0 cnm «r ** tn M tn into * 
^ _ N w o o ## o o m «o ao oi 
viiii ,0 . £ T Ai) It* 1 D j# o#T^*.To *TS O a OT O OT^TTIS ud o*aon* a T A tfa A TFI^TOOTOOTN P* LA ##N *### CNFNM <# ## *O## R* # ## #* <NP«C«>R«C^ IOIDUKO IOIA ##%NV INocor*» M*OO ## ODAODCNCDCNA ## in FYM COM ««NR* r« R* r» TFR* •« M«OMC^A> AD«-*««AA sor* MMOM r* r*t/io OOJMCM m oootacioeoo oi oi men ois cno)o> cn o> oi cnotoicncnaDi <ntn cn oi oioioicn oi cnoiacnoi oioioxn ocn 39(i> oi moxn ocnoicn cn E 
«m*. • d «•« ##### "# M (OU WW -# N CDO omo) cn o) cso 
Fig. 6. Dendrogram produced by UPGMA cluster analysis of data listed in Appendix A. Numbers at base 
in List 1. Clusters are numbered 1 through 7 for reference 
a 88 a Sis o do. S "a p 
*^7ToTjidi> A bS 00%. * 0 • « d du o ojid - orwiTT K «.««o ZomR doduav #«WI# INOTTR> O>^OO •*AM ####*^CVIQIO «-TOiDcnom loocatof*»r<r- R»O VM «# tntoino •* OR* COO V ONN TRMR-NCN «# MM GGM M S2*^T2!S5S 
mm to P» r* via OC^NCV m •—* ## M CD(>J WN« cv® oDcncnoorMos tfito in»o ## «o intMtn»* GS2CS c! GfG !SS Cf CSC* owNcn * S zS 222 2 SjZ2 2 2 S22%122 930} oi mow* cBoioiO) A ao oDKa 0» o) ooi 0)0)(0 oiflocDoicnm floacov mom am mm s mom aim 333 a m mm mm m oiom ommmm m mm mmm m oimm mm ammson 
ppendix A. Numbers at base of diagram correspond to individual specimens 
75 
MORPHOLOGICAL ANALYSES: RESULTS AND DISCUSSION 
Field and Cultural Observations 
Variation In Sorghum Been at varloua «Itei 
In areas where Johnson grass has been a persistent problem (USDA plant hardiness 
zone S or warmer), Johnson grass and its derivative, 5. x almum was often found in or 
near populations of shattercane and offtypes. In areas where Johnson grass is killed by 
severe winters, populations generally consisted of a mixture of shattercane and offtypes. 
I used Snowden's delimitations of taxa in compiling the identifications in List 1, 
and I will continue to do so when discussing plants in this section of the dissertation. The 
reason is entirely one of convenience: Snowden's taxonomy is still widely used for 
detailed work in sorghum, and, although I believe that most of his species are at best 
microspecies, Snowden's taxonomy can be easily converted (Table 2, p. 17) to the broader 
species concepts used by deWet and coworkers. As I have stated earlier, I believe the 
deWet taxonomies more closely approach biological reality in Sorghum. 
Higtorv of iBfMtltlOB» 
In many cases, farmers can give an accurate history of the shattercane-infested 
area; however, some owners do not notice populations until they are quite large, or may 
attribute an infestation to unlikely causes ("it came in with some switchgrass (Panicum 
virgatum) seed I planted"). 
Common histories for fresh infestations are forage or grain sorhum planted the 
previous year, machinery or storage structures moved from an infested area to a clean 
one, cattle manure spread on a field, and planting seed containing shattercane. In 
bottomland areas, caryopses may be carried into a new field by floodwater. Birds have 
also been blamed for shattercane infestations, primarily because many shattercane 
populations are seen along fencerows and birds are also commonly seen in fencerows. 
Whether birds "carry" shattercane has not been established; this may be a case of guilt by 
association. 
Although I know of no published study in the effect of harvesting practices on 
shattercane populations, personal observations convince me that poor harvesting practices 
can spread seed throughout a field, and that equipment can carry seed to an uninfected 
field. One particular corn field that I have been observing for four years had a few 
shattercanes in the fencerow the first year. The second year, shattercanes emerged in the 
fencerow and farther into the field, in the same direction harvesting equipment had 
76 
moved the previous year, and a couple of isolated individuals near the middle of the field. 
The combine went through the shattercane during the second year's harvest. In the third 
year, patches were larger, and elongated in the direction of the previous year's combining. 
By the fourth year, combining and cultivation seem to have carried the seed throughout 
the field, and I estimate that at least 5% of the total cover in the field was shattercane, 
rather than com. 
I have also found clods of dirt that have fallen out of tractor tires or from 
machinery that has been used in a shattercane-infested field. These clods can be found in 
the road for more than a quarter-mile from an infested field; I have repeatedly counted 
more than 200 seeds in a fist-sized clod. 
I have also observed that areas where harvest equipment is cleaned are excellent 
places to collect a wide variety of shattercanes, as are areas around storage bins and 
elevators. 
Greeahouge ohservtlons 
Plants that I wished to carry over from one growing season to the next were 
trimmed to three to five nodes on a single main culm and transplanted to a pot of 
appropriate size in the botany greenhouse. 
These severely pruned plants generally tillered profusely from the lowest nodes, 
and appeared very "grassy", in contrast to the usual "corn" appearance of grain and forage 
sorghum and most shattercane. Leaves of the tillers were usually much narrower than the 
leaves that had been removed from the main culm. If all but one or two tillers were 
removed from the plants, the remaining tillers became much more robust, and the 
resulting culms more nearly resembled the initial main culm. 
Under greenhouse conditions, most sorghums and shattercanes were far less robust 
than field grown plants. These plants were often spindly and shorter than the initial 
collections or plants grown in the summer plots. Bloom was sporadic, and seed was rarely 
set under greenhouse conditions. I attempted to make controlled pollinations in the 
greenhouse, but seed set was exceedingly low. 
Summer nlot observations 
Some plants were carried over several years in greenhouse and summer plot; it was 
common for these plants to vary in height by 0.3 - 0.5 m from year to year in the 
summer plot. Although basic sessile spikelet characteristics, including amount of glume 
coverage, spikelet abscission and average size did not vary from year to year, color of 
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glumes might vary slightly, as did overall size and weight of panicle. Panicles terminal on 
the main culm were generally larger than lateral panicles. 
Although I did not have success at producing hybrids in the summer plots, 
inflorescences enclosed in a kraft paper "corn ear bag" gave me self-pollinated seed. 
Statistical Analysis of Selected Specimens 
Cluattr iBilYrii 
Fig. 6 is the dendrogram produced by cluster analysis; for convenience, I have 
labeled seven clusters as 1 through 7. 
Fig. 3 (p. 46) is comprised of photographs of portions of panicles of representative 
members of each of the seven clusters labeled 1-7 in the photo. The reader may wish to 
review these to gain a visual impression of the cluster analysis. 
The dendrogram produced by cluster analysis exhibits the close "stair-step" pattern 
often seen in clinal variations or in cases where very similar objects are clustered. There 
does, however, appear to be a fairly good separation between grain and forage types of 
sorghum in clusters 1 through 4 and sudan grass, Johnson grass and sorghum almum types 
in clusters 6 and 7. Cluster S is more problematic; specimens in this cluster have a strong 
resemblence to forage sorghums, but shatter like sudan grass. 
When the plants in each cluster are keyed out in such detailed work's as Snowden 
(1936, 1955), several trends are apparent. Plants that shatter by rachis or callus are placed 
in Snowden's series Spontanea or in section Halepensia. If one ignores the shattering 
character for the moment, plants in Clusters 1 and 2 generally referable to J. caudatum; in 
cluster 3 to S. caudatum, S. caffrorum or S. dochna. Plants in cluster 4 generally key to 
S. caffrorum or to S. dochna. In many cases, the specimens seem to bear a mixture of 
characters of two or more species. The plants in cluster S generally key to S. dochna, S. 
caudatum, S. bicolor (sensu Snowden), or have some mixture of those species. In general, 
plants in the first four clusters have very much larger caryopses than those in clusters 6 
and 7. General plant characters are typical of cultivated sorghums, and they can only 
with great difficulty be forced to key to any taxon in series Spontanea. Shattering plants 
in cluster 5, because of the long glumes, can be keyed to S. aethiopicum, S. macrochaeta 
and S. yogelianum, but display mixtures of characters of these species. 
It is interesting to note that individual plants collected at any one site may be 
found in different clusters. On the other hand, progenies of self-pollinated plants remain 
within cluster A or B. 
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AnalYsli of viirlimçt 
The SAS procedure GLM was used to explore relationships of continuous variables 
between clusters because cluster size is unequal. Variables that were identified as 
statistically significant at a 0.05 probability level are shown in Table 4 (p. 80). The only 
characters that show significant differences are those that I can readily attribute directly 
or indirectly to human selection for yield in cultivated sorghum, with the exception of 
callus trichome length. 
CffBtrnt TiM« 
Contrast tables from Proc GLM were used to examine discontinuous (class) 
variables and their effect on clustering. Many of the chi-square tables produced in this 
procedure are probably invalid because of small sample size in some classes. However, 
for class variables not affected by this problem, clusters 1 through 4 show a higher 
number of plants with tortuous branching and S through 7 a higher number with non-
tortuous branching than would be expected if this variable was randomly distributed. 
Awnless spikelets are more common than expected in clusters 1 through 3. 
Discussion of Relationships of Morphology and Biology 
Fig. 2 (p. 44) illustrates the typical sorts of variation seen in the sites from which I 
collected. 
Figs. 2A and 2B show the bewildering variation seen in Sorghum in a single grain 
sorghum field in Seward County, Nebraska. They can be Identified with the following 
Snowden taxa: (2A) S. caudatum (offtype), & caudatum (crop), S. caudatum (offtype), & 
caudatum (offtype), (2B), S. milliiforme ('callus shattering form), S. dochna (callus 
shattering form), S. dochna (callus shattering form), a callus shattering form combining 
characters of 5*. caudatum, S. nigricans and S. dochna^ S. dochna (callus shattering form), 
a callus shattering form with characters of & caudatum and S. nigricans, a callus 
shattering form of S. caudatum, and a rhizomatous, callus shattering form that is very 
close to S. halepense, but is more likely S. x almum. 
Fig. 2C shows Sorghum forms from a grain sorghum field in Hill County, Texas. 
These panicles (right to left) can be identified with the "Snowdenian species": S. 
halepense, a callus shattering form of S. dochna, S. dochna (rachis shattering form), two 
callus shattering forms of S, dochna (these two specimens are not included in the cluster 
analysis), and nonshattering forms with characters of both S. guineense and S. caudatum. 
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Table 4. Characters differing at a 0.05 probability level between clusters 
Character Clusters 
1 - 4  w i t h i n  5  v s .  6  v s .  
v s .  5  -  7  1 - 4  6  &  7  7  
Panicle 
length 
length/width ratio 
form 
branch number, lowest node 
average branch length 
ratio of sterile to fertile branch lengths 
Peduncle diameter 
Glumes 
glume 1 length 
glume 1 length/width ratio 
glume 2 length 
glume 2 length/width ratio 
Callus trichome length 
Length of basal portion of awn 
Pedicellate spikelets 
length of pedicels 
spikelet length 
length/width ratio 
Grain 
length 
length/width ratio 
ratio of embryo to grain length 
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Can any sense be made of these populations? The Seward County site was planted 
in a kafir (sensu deWet) grain sorghum, probably the most widely cultivated type in the 
U.S.; the Hill County site was planted in a kafir-guinea (sensu deWet) grain sorghum, also 
widely cultivated. S. caudatum of Snowden is a kafir, S. guineense is a guinea sorghum. 
The short-glumed offtypes in those fields fit the descriptions of these species (with the 
exception of shattering), but are not the uniform types a plant breeder would wish in a 
production field. 
The long-glumed, large-grained forms are referable mostly to S. dochna sensu 
Snowden, a species that contains most of the types cultivated as forage sorghums, sweet 
sorghums and broomcorn in this country. Again, most of these are shattering forms, and 
S. dochna is not supposed to shatter. S. dochna contains a great deal of variation; within 
5*. dochna, Snowden described 10 varieties and 35 forms. In terms of sessile spikelet 
morphology and caryopses, the two species differ primarily in the longer, more appressed 
glumes and narrower grains of S. dochna. 
Glume length is definitely under genetic control, but the form of genetic control 
hasn't been settled (Graham, 1916; Bello and Obilana, 1985). Graham reported short 
glumes dominant to long, while Bello and Obilana reported dihybrid epistatic segregation 
for long glume dominant to short. In either case, changing one or two alleles can cause a 
change from long to short glumes. Ayyanger (1934) reported gaping glumes were 
dominant to adpressed glumes, and loose panicle is dominant to compact panicle. 
Glume color can be extensively modified by changing alleles at two loci (Ayyangar 
et a/., 1933; Stephens, 1947). 
There is no reliable information on genetic characters of grain morphology. 
However, I wish to point out that S. caudatum has been under extensive human selection 
for increased grain size and yield, while S. dochna has been primarily selected for non-
grain characters (biomass, vegetative characteristics and length of panicle branches). 
Shattering is probably controlled by two loci, and dominant genes at both loci must 
be present for an abscission callus to form (Karper and Quinby, 1947). These dominant 
genes have been found in both the forage and broomcorn types of S. dochna, as well as at 
least one kafir. Callus-shattering offtypes could then be the result from crossing of two 
nonshattering plants, each carrying a dominant at only one locus. Forage sorghums and 
broomcorns have been grown throughout the midwest since the 19th century, and are still 
grown to a lesser extent. 
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Without the presence of johnson grass at these sites, one could construct a scenario 
accounting for most striking phenotypic changes by changing only 10-15 alleles in the 
crop form. Such a change could be accomplished in a few generations by hybridization of 
5. dochna types with S. caudatum, then allowing segregation. Or, they could be 
accomplished more slowly by allowing accumulation of mutants that would then be 
selected for by humans or the environment. 
What value could these "offtype" characters contribute to the plants? Grain 
sorghum with exposed, light colored caryopses tends to suffer the heaviest bird damage in 
the field (the phenolic compounds coloring the darker glumes and grains seem to reduce 
both palatability and digestability in birds and mammals). In a mixed population of 
sorghum types (such as my summer plots, or fields with many offtypes), birds tend to 
avoid consuming propagules from dark-glumed or dark-grained plants. They also tend to 
do more damage to compact heads, because the panicle branches are stiff enough to 
support a bird enjoying a leisurely lunch. Fungi may also be influenced by phenolic 
content and panicle compactness: many fungi are inhibited by various phenolic 
compounds, including anthocyanin pigments and tannins, both high in "dark-headed 
sorghums". Many fungi also prefer high humidities for growth; in my experience, loose-
panicled sorghums rarely had visible fungi on the inflorescence at maturity, while 
compact-panicled sorghums had more, particularly in a wet fall. Panicles of either type, 
when enclosed in a waterproof pollination bag during development, as I did to ensure that 
I would retain sessile spikelets, were badly infested with fungi. 
The nonshattering character of crop plants is of value only to humans or other 
grazers and collecters: "dispersing" propagules in a clump, as seed crop plants do when 
they are not harvested decreases the probability that the parent plant will leave offspring. 
"Clump dispersal" leads to heavy seedling competition, to dispersal only a small distance 
from the parent plant, and the attendant problems of probable selection for pathogens that 
particular genotype is susceptible to. (Pathogen selection may be a special problem with 
plants that tend to inbreed, as does Sorghum.) 
Therefore, we have some more-or-less feasible ways that one can account for the 
development and retention of shattering and other offtype plants in a population of 
sorghum undergoing human selection. 
Do the spatial distributions of plants in a field tell us anything about the biology 
or probable mode of evolution of these bothersome offtypes? Most shattercanes and tall. 
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dark- and long-glumed nonshattering offtypes are found near the margins of grain 
sorghum fields; after one gets well into the field proper, the only offtypes generally found 
are the occasional tall grain-type sorghum (two of the four genes controlling plant height 
are fairly unstable), and scattered throughout, individuals with darker-than-average grain 
or glume color. 
The tall, dark-glumed, conspicuous offtypes are generally on the margins of fields, 
both sorghum fields and other crop fields (the parental plant to those in Fig. 2D came 
from a corn field). Such types are also often found in ditches and fencerows. These sites 
are the sort of areas Edgar Anderson described as "hybrid habitats": places that weedy 
relatives of crop plants grow and take advantage of partial disturbance and small direct 
selection pressures from humans. 
Is there any evidence for Johnson grass ancestry in shattercane populations? 
Except for rhizomes, there are no good ways to distinguish all forms of S. halepense from 
all forms of S. bicolor (sensu deWet). The two species have a fair amount of 
morphological overlap that might be attributable to long-ago introgression, or simply to 
common ancestry. Generally, one can use the combination of rhizomes, a somatic 
chromosome number of 2n"40, small sessile spikelets and narrow leaves to distinguish 
Johnson grass from S. bicolor^ but viable hybrids between the two are possible, thus 
introgression in either direction is certainly possible. Presence or absence of rhizomes is 
also under fairly simple genetic control, and some of the later generations of S. x almum 
might lose the rhizome character, producing plants that cannot be reliably distinguished 
from "pure" 5. bicolor. 
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ISOZYME ANALYSIS: MATERIALS AND METHODS 
Sample Preparation 
I first attempted to grow seedlings in rolled towels; standard brown paper towels 
were checked for phytotoxicity with timothy (Phleum pratense L.) seed and were found to 
be satisfactory. Fertile florets were collected from specimens, the glumes removed, and 
the caryopses treated with Captan powder. About 25 caryopses of each accession to be 
tested were planted in rolled towels. These were placed in a 2S'C incubator in the dark 
and allowed to germinate. This method proved satisfactory for seedlings that germinated 
within 10-15 days, but unsatisfactory for delayed germination. 
A more satisfactory method was to plant Captan-treated caryopses in steamed 
greenhouse soil mixture; these seedlings appeared to be slightly more vigorous than their 
rolled-towel counterparts, even if germination took several weeks. 
At the emergence of the first true leaf, entire seedlings were rinsed to remove soil 
particles, then submerged in water for 24 hours. The low oxygen tension induced better 
expression of ADH (alcohol dehydrogenase), fide Morden et al. (1987). 
Individual seedlings were again rinsed, blotted on kimwipes, weighed and ground 
in 0,4 mL microcentrifuge tubes with a motorized grinder fitted with a Delrin bit. For 
seedlings weighing 50 to 70 mg, 1 pasteur pipette drop (ca. 30 nL) of cold "sorghum 
extraction buffer" (Table 5) (Morden et al., 1987) added to the tube before grinding; for 
seedlings weighing 70-80 mg, 2 drops, and for 80-100 mg seedlings, 3 drops. 
Table 5. Sorghum extraction buffer (from Morden et al., 1987) 
88 mg ascorbic acid 
600 mg Na2HP0^ 
52 mg disodium ethylenediaminetetraacetate 
1.0 mL mercaptoethanol 
7.2 g sucrose 
5.0 g PVP-40 (polyvinylpyrolidone, average m.w. 40,000) 
95 mL water 
adjusted to pH 7.5 with NaOH, and brought to 100 mL final volume. 
Buffer stored in a dark bottle at S'C for no more than two weeks. 
Once the seedlings had been placed in the microcentrifuge tubes for grinding, all 
subsequent operations were carried out in a ice bath to slow enzyme degradation. When 
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possible, gels were run with fresh (unfrozen) extracts, but if this was not possible, the 
tubes were centrifuged for 1 minute, then placed in an ultra-freezer at -60'C until used. 
Enzyme Systems Used 
Morden et al. (1987) found variability in these enzyme systems in Sorghum: 
AAT (aspartate aminotransferase; GOT of auct.) 
AGO (aconitase) 
ADH (alcohol dehydrogenase) 
ARG (arginyl aminopeptidase) 
CAT (catalase) 
ENP (endopeptidase) 
HEX (hexokinase) 
IDH (isocitrate dehydrogenase) 
LEU (leucine aminopeptidase; LAP of auct.) 
MDH (malate dehydrogenase) 
PGI (phosphoglucoisomerase) 
SAD (shikimic acid dehydrogenase). 
Using slight modifications of their recipes, and those of J. F. Wendel (Botany 
Dept., Iowa State University, Ames, pers. comm.), I screened a portion of the Sorghum I 
had collected for these enzymes, with the exception of ENP which was dropped because 
of very poor staining, and ALA (alanine aminopeptidase), a system added late in the 
analysis on the suggestion of Dr. Wendel. 
In addition, I screened part of these accessions for some of the enzymes Morden et 
al. reported as invariant* ALD (aldolase), FRK (fructokinase), GDH (glutamate 
dehydrogenase), PGM (phosphoglucomutase), 6-PGD (6-phosphogluconate isomerase), and 
TPI (triose phosphate isomerase). 
I did not experiment extensively with gel systems and enzyme stains because of the 
excellent reputation of Isozyme work from the Doebley-Schertz-Morden laboratory. 
Gel Systems and Running Conditions 
The gel systems in Table 6 were used in the analysis. Gels were composed of 345 
mL of the appropriate buffer, 43.1 g Connaught starch and (except for the CT gel) 13.79 
g sucrose. Gels were run in a cooler maintained at approximately S°C, and covered with 
an appropriately sized plastic bag filled with water to act as an heat sink. Constant power 
was applied to the gel for the time listed in Table 6. 
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Table 6. Electrode and gel buffer systems, wattages and running times 
Svstem Electrode buffer Gel buffer Watts Hours 
C 0.19 M boric acid, 
adjusted with lithium 
hydroxide to pH 8.3 
1 part electrode 
buffer; 9 parts 
0.05 M tris(hydroxymethyl) 
aminomethane adjusted with 
citric acid to pH 8.3 
14 6.5 
CT 0.04 M citric acid 
adjusted with N-
(3-aminopropyl) 
morpholine to pH 6.3 
1 part electrode 
buffer; 19 parts water 
17 6.25 
D 0.065 M L-histidine, 
adjusted with 
citric acid to pH 6.5 
1 part electrode 
buffer; 3 parts water 
16 6.5 
F 0.0135 M tris(hydroxy-
methyl)aminomethane, 
adjusted with citric 
acid to pH 7.0 
1 part electrode 
buffer; 14 parts water 
12 6.0 
N 0.3 M boric acid, adjusted 
with NaOH to pH 8.1 
0.083 M tris(hydroxy-
methyOaminomethane, 
adjusted with citric acid 
to pH 8.7 
12 6.25 
Sample Application 
Wicks of Whatman #1 filter paper, die cut to 1/16 x 7/16 inches were saturated 
with extract, blotted on kimwipe and placed on 5 mm centers in a slit cut 30 mm from 
one end of the gel. Approximately 30 samples were run per gel. 
Slicing Schedule 
Gels were removed from the molds, trimmed to size and notched in the upper left 
corner. Slices were 1.25 mm or 2.5 mm thick (an asterisk denotes a double thick slice in 
Table 7). Slices were placed in labeled polystyrene "gel boxes" for staining. 
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Table 7. Slicing schedule for gels. Slices listed are ordered from bottom to top of gel. 
Single-thickness slices were 1.25 mm thick; double thick slices (2.5 mm) are 
denoted by an asterisk 
C feel n Cfeel 2) CT D F N 
HEX* ADH* IDH* (discard) AGO* CAT* 
LEU ARG SAD MDH FRK AAT 
PGI TPI PGD PGM ENP 
GDH 
Stains 
The stain recipes listed in Morden et al. for ALD, ENP, FRK, GDH, PGM and 6-
PGD were followed. Many of the substrates, cofactors and acceptors were made up as 
aqueous solutions and stored in refrigerator or freezer at the concentrations listed in Table 
8, p. 87. All others were weighed out in dry form immediately before use except for 
glyceraldehyde-3-phosphate dehydrogenase, a refrigerated liquid preparation. 
Except for CAT that was stained at room temperature, all slices were incubated at 
37*C until developed, then rinsed in water, drained and photographed on Kodacolor 
VRG-100 film. All stains except AAT, ALA, ARG and LEU were transilluminated with 
fluorescent light; AAT, ALA, ARG, and LEU were fixed in 1 part acetic acid: 5 parts 
methanol: 5 parts water and photographed under tungsten lighting. 
Assay buffers and substrate solutions are listed in Table 9, p. 88. These were 
refrigerated until shortly before use. Recipes for the remaining stains are listed in Table 
10, p. 89. 
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Table 8. Stock solutions used in stains 
Solution Concentration Storage 
cis-Aconitic acid (adjusted to pH 7.0 with NaOH) 20 mg/mL 5'C 
DHAP (dihydroxyacetone phosphate)^ 10 mg/vial -10" 
Fast Blue BB 100 mg/mL 5" 
Glucose-6-phosphate dehydrogenase (NAD dependent) 40 units/mL -10" 
Glucose-6-phosphate dehydrogenase (NADP dependent) 
IDH (isocitrate dehydrogenase^ 
35 units/mL -10' 
70 units/mL -10" 
D,L-isocitric acid 100 mg/mL -10" 
D,L-malic acid (adjusted to pH 8.0 with NaOH) 50 mg/mL 5" 
MgCU 
MTT (tetrazolium thiazol blue) 
100 mg/mL 
10 mg/mL 
5" 
5" 
NAD 20 mg/mL 5" 
NADP 10 mg/mL 5" 
NBT (nitro blue tetrazolium) 10 mg/mL 5" 
6-phosphogluconic acid 20 mg/mL 5" 
PMS (phenazine methosulfate) 5 mg/mL 5" 
(-)Shikimic acid 100 mg/mL -10" 
Sodium arsenate 100 mg/mL 5" 
^ Prepared by dissolving SO mg dihydroxyacetone phosphate, dimethylketal 
cyclohexylamine salt (monohydrate) in 4 mL water, adding 1 g (wet weight) Dowex 
50(H^ resin, and swirling for 30 seconds. Resin filtered, washed and the combined 
filtrates held at 37*C for about S hours. Preparation then adjusted to pH 4.5 with 
potassium bicarbonate and frozen in aliquots of 10 mg DHAP. 
^ Prepared by dissolving dry IDH preparation in 75% glycerol. 
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Table 9. Assay buffers and substrate solutions 
0.05 M Tris-HCI: 1:20 dilution of 1 M tris(hydroxyinethyl)aminoniethane buffer adjusted 
to pH 8.0 with HCl. 
1 M Tris-HCI: 1:10 dilution of 1 M tris(hydroxymethyi)aminomethane buffer adjusted to 
pH 8.5 witli HCl 
Amiaopeptldase assay buffer 0.2 M tris(hydroxymethyl)aniinomethane, 0.2 M maleic acid 
buffer adjusted to pH 5.6 with NaOH 
CAT substrate solution: 0.01% H2O2 
AAT substrate solution: 72 mg a-ketoglutarate, 260 mg L-aspartic acid, 100 mg disodium 
ethylenediaminetetraacetate, 1.0 g PVP-40 (polyvinylpyrolidone, average m.w. 
40,000), 2.84 g Na2HP0^ 100 mL water 
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Table 10. Staining solutions for enzyme assays 
AAT (aspartate amtnotraniferase; GOT of auct.) 
75 mL AAT substrate solution 
1.5 mL Fast Blue BB (150 mg) 
ACO (aconitase) 
A. 20 mL 0.05 M tris-HCl buffer with 0.3 g agar 
B. 20 mL 0.05 M tris-HCl buffer 
0.5 mL MgCU (50 mg) 
0.5 mL NADP (5 mg) 
1 vial IDH (70 units) 
4 mL aconitic acid solution (80 mL) 
0.5 mL MTT (5 mg) 
0.2 mL PMS (1 mg) 
Solution A made by boiling agar in buffer; solution B added when A had cooled to 
approximately 60*C, poured on gel, and allowed to solidify. 
ADH (alcohol dehydrogenase) 
75 mL 0.05 M tris-HCl buffer 
1 mL absolute ethanol 
1.5 mL NAD (30 mg) 
0.75 mL NBT (15 mg) 
0.3 mL PMS (1.5 mg) 
ALA (alanyl amlnopeptldase) 
50 mL aminopeptidase buffer 
30 mg alanyl-jS-napthylamide dissolved in 1 mL N,N dimethylformamide 
1 mL (100 mg) MgCl2 
"spatula tip" (ca. 20 mg) Fast Black K salt 
ARC (arglnyl aminopeptidase) 
50 mL aminopeptidase buffer 
30 mg arginyl-jÔ-napthylamide dissolved in 1 mL N,N dimethylformamide 
1 mL (100 mg) MgClg 
"spatula tip" (ca, 20 mg) Fast Black K salt 
CAT (catalase) 
Slice incubated in 75 mL 0.01% for 10 minutes, then stained in a freshly 
made mixture of 0.5 g potassium (erncyanide and 0.5 g ferric chloride in 75 mL 
water until white bands became visible against a blue-green background, then 
thoroughly rinsed with tap water. 
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Table 10. (continued) 
HEX (hexoklnue) 
A. IS mL 0.05 M tris-HCl buffer with 0.3 g agar 
B. IS mL 0.05 M tris-HCl buffer 
1 mL MgCL (100 mg) 
1 mL NAD120 mg) 
200 mg a-D-glucose 
125 mg ATP (adenosine triphosphate) 
40 units glucose-6-phosphate dehydrogenase (NAD dependent) 
1 mL MTT (10 mg) 
0.2 mL PMS (1 mg) 
Agar overlay prepared as in ACO assay. 
IDH (Isocltrate dehydrogenase) 
A. 20 mL 0.05 M tris-HCl buffer with 0.3 g agar 
B. 20 mL 0.05 M tris-HCl buffer 
0.5 mL MgCU (SO mg) 
1 mL NAD? (10 mg) 
0.5 mL NBT (5 mg) 
0.2 mL PMS (1 mg) 
1 mL isocitric acid (100 mg) 
Agar overlay prepared as in ACO assay. 
LEU (leucloe amtnopcptldase; LAP of auct.) 
50 mL aminopeptidase buffer 
30 mg leucyl-j9-napthylamide dissolved in 1 mL N.N dimethylformamide 
"spatula tip" (ca. 20 mg) Fast Black K salt 
MDH (maiate dehydrogenase) 
50 mL 0.1 M tris-HCl buffer 
3 mL malic acid (150 mg) 
0.5 mL NBT (5 mg) 
0.2 mL PMS (1 mg) 
PGI (phosphoglucolsomerase) 
50 mL 0.05 M tris-HCl buffer 
40 mg fructose-6-phosphate (disodium salt) 
40 units giucose-6-phosphate dehydrogenase (NAD dependent) 
0.5 mL NAD (10 mg) 
0.5 mL MTT (5 mg) 
0.2 mL PMS (1 mg) 
91 
Table 10. (continued) 
SAD (shtklmlc meld dchydrogcDase) 
75 mL 0.1 M tris-HCl buffer 
1 mL shikimic acid (100 mg) 
0.75 mL NADP (7.5 mg) 
0.75 mL MTT (7.5 mg) 
0.3 mL PMS (1.5 mg) 
TPI (triose phosphate iiomerase) 
50 mL 0.05 M tris-HCl buffer 
1 mL sodium arsenate (100 mg) 
1 mL NAD (20 mg) 
1 mL NBT (10 mg) 
0.2 mL PMS (1 mg) 
I vial DHAP (10 mg) 
6 pasteur pipette drops glyceraldehyde-3-phosphate isomerase (ca. 700 units) 
0.2 mL PMS (1 mg) 
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ISOZYMES: RESULTS AND DISCUSSION 
Variation 
I examined 58 accessions for variation for the IS isozymes (26 putative loci) that 
Morden et ai. (1987) reported as polymorphic in the genus Sorghum. Although I stained 
for SAD activity, SAD is excluded from the discussion below because low activity levels 
often gave ambiguous or unreadable zymograms. 
The amount of enzyme variation seen in the specimens examined was surprisingly 
low. Of the 25 loci reported here, only 5 showed variation, and each of these loci (ACO-
1, ARG, LEU, CAT-2, and HEX-2) had only two alleles. (ARG is not the same activity 
as LEU in sorghum.) It is evident from Table 11, p. 93, that none of these suffices as a 
marker for the shattering character, although the fast alleles of LEU and ARG were seen 
only in shattering sorghums. 
Heterozygosity 
Expected heterozygosity values (h) for each of the variable loci were calculated by 
the formula 
h - 1-(PW) 
where p and q are the frequencies of the two alleles. The maximum value of h attainable 
if there are only two alleles is 0.50, and is found when p » q. 
Values of average heterozogosity over all loci (HET) were calculated by the 
formula 
HET" (hj+h2^...hu)/m 
where hj though h^ are the heterozygosities of each of the variable loci, and m is the 
total number of loci, both variant and invariant. These data are listed in Table 12, p. 96. 
Heterozygosity is a measure of genetic variability within a population or taxon. 
Heterozygosity, as defined above, is a statistic that can be used to compare different taxa 
or populations. However, the expected heterozygosity values will equal the observed 
proportion of heterozygotes only if mating is random. In populations with some form of 
inbreeding, the actual number of heterozygotes will decline in each generation; in the 
most severe form of inbreeding, selfing, half of the proportion of heterozygotes is lost 
each generation by segregation. 
Heterozygosity is also extremely sensitive to population size and mutation rate if 
the various alleles at a locus are selectively neutral, as most isozyme variants are thought 
to be. If the quantity N/i (N is the effective population size and fi is the mutation rate) 
Table 11. Sample size and frequency of fast allele for the variable loci ACO-1, ARG, CAT-2, HEX-2 and LEU. 
Arranged by mode of shattering 
Accès- Clus- Sample size Frequency of fast allele 
sion ter ACQ ARG CAT HEX LEU ACQ ARG CAT HEX LEU 
Nonshattering 
1004 5 0 5 4 0 5 0.0000 1.0000 0.0000 
1041 1 3 3 3 3 3 0.0000 0.0000 0.0000 0.0000 0.0000 
1057 1 1 1 1 0 1 1.0000 0.0000 0.5000 0.0000 
1072 2 9 10 9 10 9 1.0000 0.0000 0.0000 0.2222 0.0000 
1073 1 10 10 10 10 10 1.0000 0.0000 0.9000 0.0000 0.0000 
1185 6 4 5 5 0 5 0.2500 0.0000 0.5000 0.0000 
1187 4 3 3 3 3 3 1.0000 0.0000 0.0000 0.0000 0.0000 
1192 4 0 4 4 4 4 0.0000 0.0000 0.0000 0.0000 
1194 6 10 5 5 5 5 1.0000 0.0000 1.0000 0.0000 0.0000 
1206 5 9 9 9 0 9 1.0000 0.0000 0.5000 0.0000 
1218 5 0 10 10 10 10 0.0000 0.0000 0.0000 0.0000 
1244 4 15 20 25 20 25 0.0000 0.0000 0.3000 0.0000 0.0000 
1255 5 2 2 2 2 2 0.0000 0.0000 1.0000 1.0000 0.0000 
1262 1 10 10 10 10 10 0.6500 0.0000 1.0000 0.7500 0.0000 
1263 1 10 10 10 10 10 0.7000 0.0000 0.4000 0.0000 0.0000 
1268 3 8 8 8 4 8 0.0625 0.0000 0.5625 0.3750 0.0000 
1269 1 2 2 3 0 2 0.0000 0.0000 0.8333 0.5000 
1175 1 1 I 1 0 1.0000 0.0000 0.0000 0.0000 
1229 0 8 0 8 8 0.0000 0.0000 0.0000 
1239 9 9 9 9 9 0.0000 0.0000 0.8889 0.6111 0.0000 
1240 14 13 14 19 13 0.0000 0.0000 0.5357 0.3077 0.0000 
1270 2 10 9 9 0 9 0.0000 0.0000 0.7222 0.1667 
1273 2 10 10 10 0 10 1.0000 0.0000 1.0000 0.0000 
1275 4 6 7 5 0 7 0.0000 0.0000 1.0000 0.0000 
1278 2 10 10 10 0 10 1.0000 0.0000 0.8000 0.0000 
Table 11. (continued) 
Acces­ Clus­ Samole size Freouencv of fast allele 
sion ter ACO ARG CAT HEX LEU ACO ARG CAT HEX LEU 
Callus shattering: 
862 10 10 10 10 10 1.0000 0.0000 0.0000 0.0000 0.0000 
867.2 1 1 1 1 1 1.0000 0.0000 1.0000 0.0000 0.0000 
867.6 8 8 8 8 8 1.0000 0.0000 0.0000 0.0000 0.0000 
1179 2 10 10 10 10 10 0.0000 0.0000 0.4500 0.0000 0.0000 
1186 4 1 1 0 1 1 1.0000 0.0000 0.0000 0.0000 
1188 4 10 10 10 10 10 1.0000 0.0000 0.0000 0.0000 0.0000 
1189 7 2 3 3 0 3 0.5000 0.0000 0.5000 0.0000 
1200 4 0 3 3 3 3 0.0000 0.0000 0.0000 0.0000 
1221 10 10 10 10 10 0.0000 0.0000 0.5000 0.0000 0.0000 
1238 7 10 10 10 10 10 0.0000 0.0000 0.0000 0.0500 0.0000 
1243 12 19 5 19 14 0.4167 0.0000 0.0000 0.1071 0.0000 
1245 10 20 20 10 20 1.0000 0.0000 0.0000 0.0000 0.0000 
1246 10 20 13 30 20 0.0000 0.0000 0.1923 0.5000 0.1667 
1249 34 35 25 20 35 0.0294 0.0000 0.0000 0.0000 0.0000 
1254 3 8 10 10 10 10 0.8125 0.0000 0.9500 0.0000 0.0000 
1257 4 10 8 17 8 0 0.3000 0.0000 0.9706 0.1875 
1258 4 1 3 0 2 3 1.0000 0.0000 0.0000 0.0000 
1267 5 6 6 6 4 6 0.5833 0.0000 0.7500 0.6667 0.0000 
1271 1 5 5 5 2 5 0.5000 0.0000 0.6000 0.0000 0.2500 
1272 4 10 14 14 10 14 0.0000 0.0000 0.6071 0.0357 0.1000 
1274 7 6 23 6 6 18 0.0000 0.1087 0.0000 0.0000 0.5000 
1276 6 10 10 10 0 10 0.5500 0.0000 0.9000 0.1000 
1279 2 12 12 11 12 12 0.0000 0.0000 0.0000 0.0000 0.0000 
Table 11. (continued) 
Accès- Clus- Sample size Frequency of fast allele 
sion ter ACO ARG CAT HEX LEU ACO ARG CAT HEX LEU 
Rachis shattering 
1256 5 10 10 10 10 10 0.0000 0.0000 0,7500 1.0000 0.0000 
1228 0 10 10 10 10 0.0000 0.0000 0.0000 0.0000 
1235 10 10 10 10 10 0.0000 0.0000 0.4500 0.1500 0.0000 
1241 5 10 5 10 5 0.0000 0.0000 0.0000 0.0000 0.0000 
1242 5 15 15 20 15 0.0000 0.0000 0.0000 0.0667 0.0000 
1247 28 30 20 30 30 0.6607 0.0000 0.0000 0.0000 0.0000 
1248 30 30 10 30 30 0.5000 0.0000 0.0000 0.0000 0.0000 
1277 0 1 1 0 1 0.0000 1.0000 0.0000 
1260 4 13 13 12 13 12 0.0769 0.0000 0.0000 0.0000 0.0769 
1264 5 9 10 10 9 10 0.3889 0.0000 0.0000 0.1000 0.0000 
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Table 12. Calculated heterozygosity values for each variable locus (h), and heterozygosity 
over all loci (HET) 
Acces­
sion 
Clus­
ter 
h 
AGO ARG CAT HEX LEU HET 
Nonihattering; 
1004 5 ... 0.0000 0.0000 0.0000 I I—.1  — 0.0000 
1041 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
1057 1 0.0000 0.0000 0.5000 0.0000 0.0208 
1072 2 0.0000 0.0000 0.0000 0.3457 0.0000 0.0138 
1073 1 0.0000 0.0000 0.1800 0.0000 0.0000 0.0072 
1175 0.0000 0.0000 0.0000 . . • 0.0000 0.0000 
1185 6 0.3750 0.0000 0.5000 0.0000 0.0365 
1187 4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
1192 4 0.0000 0.0000 0.0000 0.0000 0.0000 
1194 6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
1206 5 0.0000 0.0000 0.5000 0.0000 0.0208 
1218 5 0.0000 0.0000 0.0000 0.0000 0.0000 
1229 0.0000 . 0.0000 0.0000 0.0000 
1239 0.0000 0.0000 0.1975 0.4753 0.0000 0.0269 
1240 0.0000 0.0000 0.4974 0.4260 0.0000 0.0369 
1244 4 0.0000 0.0000 0.4200 0.0000 0.0000 0.0168 
1255 5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
1262 1 0.4550 0.0000 0.0000 0.3750 0.0000 0.0332 
1263 1 0.4200 0.0000 0.4800 0.0000 0.0000 0.0360 
1268 3 0.1172 0.0000 0.4922 0.4688 0.0000 0.0431 
1269 1 0.0000 0.0000 0.2778 0.5000 0.0324 
1270 2 0.0000 0.0000 0.4012 0.2778 0.0283 
1273 2 0.0000 0.0000 0.0000 0.0000 0.0000 
1275 4 0.0000 0.0000 0.0000 0.0000 0.0000 
1278 2 0.0000 0.0000 0.3200 0.0000 0.0133 
Meao 0.0146 
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Table 12. (continued) 
Acces­
sion 
Clus­
ter 
h 
AGO ARO CAT HEX LEU HET 
Callus shattering: 
1179 2 0.0000 0.0000 0.4950 0.0000 0.0000 0.0198 
1186 4 0.0000 0.0000 • 0.0000 0.0000 0.0000 
1188 4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
1189 7 0.5000 0.0000 0.5000 0.0000 •1 . 0.0417 
1200 4 ..1 0.0000 0.0000 0.0000 0.0000 0.0000 
1221 0.0000 0.0000 0.5000 0.0000 0.0000 0.0200 
1238 7 0.0000 0.0000 0.0000 0.0950 0.0000 0.0038 
1243 0.4861 0.0000 0.0000 0.1913 0.0000 0.0271 
1245 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
1246 0.0000 0.0000 0.3107 0.5000 0.2778 0.0435 
1249 0.0571 0.0000 0.0000 0.0000 0.0000 0.0023 
1254 3 0.3047 0.0000 0.0950 0.0000 0.0000 0.0160 
1257 4 0.4200 0.0000 0.0571 0.3047 0.0326 
1258 4 0.0000 0.0000 0.0000 0.0000 0.0000 
1267 5 0.4861 0.0000 0.3750 0.4444 0.0000 0.0522 
1271 1 0.5000 0.0000 0.4800 0.0000 0.3750 0.0542 
1272 4 0.0000 0.0000 0.4770 0.0689 0.1800 0.0290 
1274 7 0.0000 0.1938 0.0000 0.0000 0.5000 0.0278 
1276 6 0.4950 0.0000 0.1800 0.1800 0.0356 
1279 2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
862 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
867.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
867.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Mean 0.0176 
Rachis shattering: 
1228 0.0000 0.0000 0.0000 0.0000 0.0000 
1235 0.0000 0.0000 0.4950 0.2550 0.0000 0.0300 
1241 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
1242 0.0000 0.0000 0.0000 0.1244 0.0000 0.0050 
1247 0.4483 0.0000 0.0000 0.0000 0.0000 0.0179 
1248 0.5000 0.0000 0.0000 0.0000 0.0000 0.0200 
1256 5 0.0000 0.0000 0.3750 0.0000 0.0000 0.0150 
1260 4 0.1420 0.0000 0.0000 0.0000 0.1420 0.0114 
1264 5 0.4753 0.0000 0.0000 0.1800 0.0000 0.0262 
1277 0.0000 0.0000 0.0000 0.0000 
Mean 0.0125 
98 
is smaller than about 0.01, heterozygosity will drop to nearly 0 over time because of 
stochastic loss of rare alleles (Lewontin, 1974). 
Comparing the calculated heterozygosity values (HET) in Table 12 to the observed 
frequency of hétérozygotes (H^) (Table 13, p. 100), one sees that the observed frequency 
is much lower than the expected frequency; this is probably due to inbreeding. Another 
explanation for the low levels of heterozygosity would be that the enzyme loci tested here 
are tightly linked to genes that are deleterious in the heterozygotic condition; surely a less 
likely explanation than inbreeding. 
The average value of HET for an outbreeding taxon (plant or animal) is about 0.10 
(Nei, 1975). Such low values as are seen here imply that the plants are inbreeders. 
If the data are grouped by the cluster number of the parent plant (see section on 
morphological analysis), there are no real differences between clusters in terms of allele 
frequencies (Table 14, p. 102), calculated heterozygosities (Table IS, p. 104) or observed 
heterozygosities (Table 16, p. 106) suggesting that the isozymic data do not strongly 
correlate with morphological data in these plants. 
ComD«rl«on with prevlom studies 
Doebley and Schertz (1985) reported preliminary results of an isozyme survey of 
Sorghum bicolor (sensu deWet and Harlan), using four plants of each of 26 accessions, and 
13 enzyme systems with 25 putative loci. Most accessions were completely homozygous; 5 
accessions showed intra-accession variation and 4 of 104 plants were heterozygous for at 
least one locus. The expected heterozygosity (HET) was 0.0007; observed heterozygosity 
was 0.0002. Although these heterozygosities were much lower than the values I obtained, 
it should be reiterated that the enzyme systems I used were those that had previously been 
shown to be polymorphic, and therefore the these values should be much higher. 
The results reported by Doebley and Schertz support the view that Sorghum bicolor 
is an inbred species. 
Doebley (ined,) writing about isozymic evidence and the origin of crop species, 
points out that crop plants often show great morphological divergence from their nearest 
wild relatives, and one strain of a crop may also show great morphological divergence 
from the next strain. However, when isozymes are examined, crop species usually have a 
subset of the alleles of the ancestral species, and there are often few differences between 
cultivars of a single crop plant. Similarly, detecting introgression between a crop and its 
ancestral species can be difficult because of the shared common alleles. However, 
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introgression has been confirmed for several crops, including Oryza, Cucurbita and 
Lycopersicon, while hypotheses of introgression between Helianthus bolanderi and H. 
annuus^ and Zea mays subsp. mexicana and Z. mays subsp. parviglumis have not been 
supported, according to Doebley. 
If the isozyme data had shown more variation among cultivated sorghum, 
johnsongrass and feral sorghums, it might have been able to better address the possible 
origins of shattercane. The small number of variable loci seen in midwestern sorghums 
and the lack of apparent correlation with morphological characters would seem to make 
further discussion of the isozyme data fruitless. 
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Table 13. Frequencies of hétérozygotes observed at the variable loci ACO-1, ARG, CAT 
2, HEX-2, and LEU, and observed heterozygote frequency pooled over all 25 
loci (Hg) 
Heterozygote frequency at each locus 
Accession Cluster ACQ ARG CAT HEX LEU 
"o 
Nonihattering 
1004 5 0.00 0.00 0.00 0.00 0.00 0.0000 
1041 1 • 0.00 0.00 0.00 0.00 0.00 0.0000 
1057 1 0.00 0.00 1.00 0.00 0.00 0.0500 
1072 2 0.00 0.00 0.00 0.22 0.00 0.0085 
1073 1 0.00 0.00 0.00 0.00 0.00 0.0000 
1175 0.00 0.00 0.00 0.00 0.00 0.0000 
1185 6 0.00 0.00 1.00 0.00 0.00 0.0526 
1187 4 0.00 0.00 0.00 0.00 0.00 0.0000 
1192 4 0.00 0.00 0.00 0.00 0.00 0.0000 
1194 6 0.00 0.00 0.00 0.00 0.00 0.0000 
1206 5 0.00 0.00 1.00 0.00 0.00 0.0500 
1218 5 0.00 0.00 0.00 0.00 0.00 0.0000 
1229 0.00 0.00 0.00 0.00 0.00 0.0000 
1239 0.00 0.00 0.00 0.33 0.00 0.0134 
1240 0.00 0.00 0.07 0.46 0.00 0.0192 
1244 4 0.00 0.00 0.44 0.00 0.00 0.0209 
1255 5 0.00 0.00 0.00 0.00 0.00 0.0000 
1262 1 0.10 0.00 0.00 0.10 0.00 0.0080 
1263 1 0.20 0.00 0.60 0.00 0.00 0.0320 
1268 3 0.13 0.00 0.13 0.25 0.00 0.0222 
1269 1 0.00 0.00 0.33 1.00 0.00 0.0667 
1270 2 0.00 0.00 0.33 0.33 0.00 0.0340 
1273 2 0.00 0.00 0.00 0.00 0.00 0.0000 
1275 4 0.00 0.00 0.00 0.00 0.00 0.0000 
1278 2 0.00 0.00 0.40 0.00 0.00 
Mean 
0.0200 
0.0158 
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Table 13 (continued) 
Heterozvaote frequency at each locus 
Accession Cluster ACO ARG CAT HEX LEU «0 
Callui shattering 
862 0.00 0.00 0.00 0.00 0.00 0.0000 
867.2 0.00 0.00 0.00 0.00 0.00 0.0000 
867.6 0.00 0.00 0.00 0.00 0.00 0.0000 
1179 2 0.00 0.00 0.90 0.00 0.00 0.0360 
1186 4 0.00 0.00 0.00 0.00 0.00 0.0000 
1188 4 0.00 0.00 0.00 0.00 0.00 0.0000 
1189 7 0.00 0.00 1.00 0.00 0.00 0.0545 
1200 4 0.00 0.00 0.00 0.00 0.00 0.0000 
1221 0.00 0.00 1.00 0.00 0.00 0.0400 
1238 7 0.00 0.00 0.00 0.10 0.00 0.0050 
1243 0.00 0.00 0.00 0.21 0.00 0.0087 
1245 0.00 0.00 0.00 0.00 0.00 0.0000 
1246 0.00 0.00 0.17 0.10 0.00 0.0065 
1249 0.00 0.00 0.00 0.00 0.00 0.0000 
1254 3 0.13 0.00 0.10 0.00 0.00 0.0084 
1257 4 0.00 0.00 0.06 0.00 0.38 0.0186 
1258 4 0.00 0.00 0.00 0.00 0.00 0.0000 
1267 5 0.83 0.00 0.17 0.00 0.00 0.0429 
1271 1 0.20 0.00 0.00 0.00 0.50 0.0182 
1272 4 0.00 0.00 0.07 0.05 0.20 0.0129 
1274 7 0.00 0.21 0.00 0.00 0.33 0.0237 
1276 6 0.30 0.00 0.20 0.20 0.00 0.0350 
1279 2 0.00 0.00 0.00 0.00 0.00 0.0000 
Mean 0.0134 
Rachls shattering 
1228 0.00 0.00 0.00 0.00 0.00 0.0000 
1235 0.00 0.00 0.70 0.30 0.00 0.0400 
1241 0.00 0.00 0.00 0.00 0.00 0.0000 
1242 0.00 0.00 0.00 0.00 0.00 0.0000 
1247 0.18 0.00 0.00 0.00 0.00 0.0072 
1248 0.33 0.00 0.00 0.00 0.00 0.0154 
1256 5 0.00 0.00 0.10 0.00 0.00 0.0040 
1260 4 0.15 0.00 0.00 0.00 0.15 0.0127 
1264 5 0.56 0.00 0.00 0.20 0.00 0.0292 
1277 0.00 0.00 0.00 0.00 0.00 0.0000 
Mean 0.0184 
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Table 14. Sample size and frequency of fast allele for the variable loci ACO-1, ARG, 
CAT-2, HEX-2 and LEU. Arranged by cluster number 
Accès- Mode of Frequency of fast allele 
sion Shattering ACQ ARG CAT HEX LEU 
Cluster 1 
1041 nonshattering 0.0000 0.0000 0.0000 0.0000 0.0000 
1057 nonshattering 1.0000 0.0000 0.5000 0.0000 
1073 nonshattering 1.0000 0.0000 0.9000 0.0000 0.0000 
1262 nonshattering 0.6500 0.0000 1.0000 0.7500 0.0000 
1263 nonshattering 0.7000 0.0000 0.4000 0.0000 0.0000 
1269 nonshattering 0.0000 0.0000 0.8333 0.5000 
1271 callus 0.5000 0.0000 0.6000 0.0000 0.2500 
Cluster 2 
1072 nonshattering 1.0000 0.0000 0.0000 0.2222 0.0000 
1179 callus 0.0000 0.0000 0.4500 0.0000 0.0000 
1270 nonshattering 0.0000 0.0000 0.7222 0.1667 — 
1273 nonshattering 1.0000 0.0000 1.0000 0.0000 
1278 nonshattering 1.0000 0.0000 0.8000 0.0000 
1279 callus 0.0000 0.0000 0.0000 0.0000 0.0000 
Cluster 3 
1254 callus 0.8125 0.0000 0.9500 0.0000 0.0000 
1268 nonshattering 0.0625 0.0000 0.5625 0.3750 0.0000 
Cluster 4 
1186 callus 1.0000 0.0000 0.0000 0.0000 
1187 nonshattering 1.0000 0.0000 0.0000 0.0000 0.0000 
1188 callus 1.0000 0.0000 0.0000 0.0000 0.0000 
1192 nonshattering 0.0000 0.0000 0.0000 0.0000 
1200 callus 0.0000 0.0000 0.0000 0.0000 
1244 nonshattering 0.0000 0.0000 0.3000 0.0000 0.0000 
1257 callus 0.3000 0.0000 0.9706 0.1875 
1258 callus 1.0000 0.0000 0.0000 0.0000 
1260 rachis 0.0769 0.0000 0.0000 0.0000 0.0769 
1272 callus 0.0000 0.0000 0.6071 0.0357 0.1000 
1275 nonshattering 0.0000 0.0000 1.0000 0.0000 
Cluster 5 
1004 nonshattering 0.0000 1.0000 0.0000 
1206 nonshattering 1.0000 0.0000 0.5000 0.0000 
1218 nonshattering 0.0000 0.0000 0.0000 0.0000 
1255 nonshattering 0.0000 0.0000 1.0000 1.0000 0.0000 
1256 rachis 0.0000 0.0000 0.7500 1.0000 0.0000 
1264 rachis 0.3889 0.0000 0.0000 0.1000 0.0000 
1267 callus 0.5833 0.0000 0.7500 0.6667 0.0000 
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Table 14. (continued) 
Accès- Mode of Frequency of fast allele 
-jiflD Shaming ACQ AEG CAT HEX LSI! 
Clutter 6 
1185 nonshattering 0.2500 0.0000 0.5000 0.0000 
1194 nonshattering 1.0000 0.0000 1.0000 0.0000 0.0000 
1276 callus 0.5500 0.0000 0.9000 0.1000 
Clutter 7 
1189 callus 0.5000 0.0000 0.5000 0.0000 
1238 callus 0.0000 0.0000 0.0000 0.0500 0.0000 
1274 callus 0.0000 0.1087 0.0000 0.0000 0.5000 
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Table IS. Calculated heterozygosity values (h) for each variable locus, and heterozygosity 
over all loci (HET) 
Acces­ Shatter. h 
sion mode ACQ ARG CAT HEX LEU HET 
Cluiter 1 
1041 nonsh. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
1057 nonsh. 0.0000 0.0000 0.5000 0.0000 0.0208 
1073 nonsh. 0.0000 0.0000 0.1800 0.0000 0.0000 0.0072 
1262 nonsh. 0.4550 0.0000 0.0000 0.3750 0.0000 0.0332 
1263 nonsh. 0.4200 0.0000 0.4800 0.0000 0.0000 0.0360 
1269 nonsh. 0.0000 0.0000 0.2778 0.5000 0.0324 
1271 callus 0.5000 0.0000 0.4800 0.0000 0.3750 
Mean 
0.0542 
0.0263 
Cluster 2 
1072 nonsh. 0.0000 0.0000 0.0000 0.3457 0.0000 0.0138 
1179 callus 0.0000 0.0000 0.4950 0.0000 0.0000 0.0198 
1270 nonsh. 0.0000 0.0000 0.4012 0.2778 0.0283 
1273 nonsh. 0.0000 0.0000 0.0000 0.0000 0.0000 
1278 nonsh. 0.0000 0.0000 0.3200 0.0000 0.0133 
1279 callus 0.0000 0.0000 0.0000 0.0000 0.0000 
Mean 
0.0000 
0.0125 
Cluster 3 
1254 callus 0.3047 0.0000 0.0950 0.0000 0.0000 0.0160 
1268 nonsh. 0.1172 0.0000 0.4922 0.4688 0.0000 
Mean 
0.0431 
0.0296 
Cluster 4 
1186 callus 0.0000 0.0000 1 0.0000 0.0000 0.0000 
1187 nonsh. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
1188 callus 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
1192 nonsh. 0.0000 0.0000 0.0000 0.0000 0.0000 
1200 callus 0.0000 0.0000 0.0000 0.0000 0.0000 
1244 nonsh. 0.0000 0.0000 0.4200 0.0000 0.0000 0.0168 
1257 callus 0.4200 0.0000 0.0571 0.3047 0.0326 
1258 callus 0.0000 0.0000 — —  0.0000 0.0000 0.0000 
1260 rachis 0.1420 0.0000 0.0000 0.0000 0.1420 0.0114 
1272 callus 0.0000 0.0000 0.4770 0.0689 0.1800 0.0290 
1275 nonsh. 0.0000 0.0000 0.0000 0.0000 
Mean 
0.0000 
0.0082 
Cluster 5 
1004 nonsh. — .. 0.0000 0.0000 0.0000 0.0000 
1206 nonsh. 0.0000 0.0000 0.5000 0.0000 0.0208 
1218 nonsh. 0.0000 0.0000 0.0000 0.0000 0.0000 
1255 nonsh. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
1256 rachis 0.0000 0.0000 0.3750 0.0000 0.0000 0.0150 
1264 rachis 0.4753 0.0000 0.0000 0.1800 0.0000 0.0262 
1267 callus 0.4861 0.0000 0.3750 0.4444 0.0000 
Mean 
0.0522 
0.0163 
Table IS. (continued) 
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Acces­ Shat­ h 
sion ter ACQ ARG CAT HEX LEU HET 
Cluster 6 
1185 
1194 
1276 
nonsh. 
nonsh. 
callus 
0.3750 
0.0000 
0.4950 
0.0000 
0.0000 
0.0000 
0.5000 
0.0000 
0.1800 
0.0000 
0.0000 
0.1800 
0.0000 
Mean 
0.0365 
0.0000 
0.0356 
0.0240 
Cluster 7 
1189 
1238 
1274 
callus 
callus 
callus 
0.5000 
0.0000 
0.0000 
0.0000 
0.0000 
0.1938 
0.5000 
0.0000 
0.0000 
0.0000 
0.0950 
0.0000 
0.0000 
0.5000 
Mean 
0.0417 
0.0038 
0.0278 
0.0244 
Clusters 1, 2, 3 and 4 
Clusters 5, 6 and 7 
Clusters 6 and 7 
Mean 
Mean 
Mean 
0.0136 
0.0200 
0.0242 
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Table 16. Average observed frequency of heterozygotes for ACO-1, CAT-2, ARG, LEU 
and HEX-2 
Agccssion 
Mode of 
Shattcriiw 
Total 
HgterozYROtgg 
Frequency of 
HetgrogYRPtgg 
Cluster 1 
1041 
1057 
1073 
1262 
1263 
1269 
1271 
Cluster 2 
1072 
1179 
1270 
1273 
1278 
1279 
Cluster 3 
1254 
1268 
Cluster 4 
1186 
1187 
1188 
1192 
1200 
1244 
1257 
1258 
1260 
1272 
1275 
nonshattering 
nonshattering 
nonshattering 
nonshattering 
nonshattering 
nonshattering 
callus 
No. Samples 
Mean 
nonshattering 
callus 
nonshattering 
nonshattering 
nonshattering 
callus 
No. Samples 
Mean 
callus 
nonshattering 
No. Samples 
Mean 
callus 
nonshattering 
callus 
nonshattering 
callus 
nonshattering 
callus 
callus 
rachis 
callus 
nonshattering 
No. Samples 
Mean 
0 
1 
0 
2 
8 
3 
2 
7 
2.286 
2 
9 
6 
0 
4 
0 
6 
3.5 
2 
4 
2 
2 
0 
0 
0 
0 
0 
11 
4 
0 
4 
4 
0 
11 
2.091 
0.0000 
0.0500 
0.0000 
0.0080 
0.0320 
0.0667 
0.0182 
0.0250 
0.0085 
0.0360 
0.0324 
0.0000 
0.0200 
0.0000 
0.0162 
0.0083 
0.0222 
0.0153 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0210 
0.0186 
0.0000 
0.0127 
0.0129 
0.0000 
0.0059 
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Table 16. (continued) 
Accession 
Mode of 
Shatterin« 
Total 
HgtergZYROtgs 
Frequency of 
HgtergzYROtgg 
Cluster 5 
1004 
1206 
1218 
1255 
1256 
1264 
1267 
Cluster 6 
1185 
1194 
1276 
Cluster 7 
1189 
1238 
1274 
nonshattering 
nonshattering 
nonshattering 
nonshattering 
rachis 
rachis 
callus 
No. Samples 
Mean 
nonshattering 
nonshattering 
callus 
No. Samples 
Mean 
callus 
callus 
callus 
No. Samples 
Mean 
0 
9 
0 
0 
1 
7 
6 
7 
3.286 
5 
0 
7 
3 
4 
3 
1 
7 
3 
3.667 
0.0000 
0.0500 
0.0000 
0.0000 
0.0040 
0.0292 
0.0429 
0.0180 
0.0526 
0.0000 
0.0602 
0.0376 
0.0545 
0.0040 
0.0237 
0.0274 
Clusters 1, 2,  ,3 and 4 
No. Samples 
Mean 
26 
2.538 0.0707 
Clusters 5, 6 and 7 
No. Samples 
Mean 
13 
3.538 0.1138 
Clusters 6 and 7 
No. Samples 
Mean 
6 
3.833 0.0325 
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CONCLUSIONS 
I began this project with several working hypotheses, which I now wish to 
examine again to see if any can be rejected. They are: 
1. Shattercanes are direct descendents of wild sorghum species that 
have escaped in this country. 
2. Shattercanes are the survivors of strains of sorghum earlier 
cultivated in this country (perhaps forage or sweet sorghums), and now 
mostly replaced by uniform commercial hybrids. 
3. Shattercanes are "reversions to wild type"; cultivated plants that 
have accumulated mutations that make them resemble wild sorghums in 
some characteristics. 
4. Shattercanes are the products of introgression of cultivated 
strains of S. bicolor with other taxa once or now cultivated, including S. 
bicolor var. sudanense and S. hale pense, 
5. Shattercanes are the evidence of rapid evolution of new strains 
of sorghum, probably caused by founder effect, genetic drift, and new 
selection pressures. 
6. Shattercanes are the products of segregation of "weedy-looking" 
commercial sorghum hybrids, perhaps forage hybrids that may have sudan 
grass or johnson grass in their ancestry. 
Working Hypothesis 1 
1. Shattercanes are direct descendents of wild sorghum species that 
have escaped in this country. 
If this working hypothesis is true, then many or most of the nonrhizomatous 
shattercanes I collected should be directly referable to species in Snowden*s series 
Spontanea. This is not the case. Except for sudan grass, none of the specimens exactly 
fits the species characters of any one species in the Spontanea series. Sudan grass has 
never been found in the wild except for the initial collection. It is more probable that 
sudan grass is a rachis-shattering sorghum more closely related to deWet's race Bicolor 
than it is a truly wild form. Many of the shattercanes I collected are not referable to any 
particular Snowden species: instead, they combine characteristics of several Snowden 
species, often cultivated species. The only character in common with series Spontanea in 
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most cases is shattering — and this is of two different forms. This hypothesis is not well 
supported by the data. 
Working Hypothesis 2 
2. Shattercanes are the survivors of strains of sorghum earlier 
cultivated in this country (perhaps forage or sweet sorghums), and now 
mostly replaced by uniform commercial hybrids. 
If Hypothesis 2 is true, many strains of shattercane should be identifiable in such 
works as Ball (1906, 1907, 1910, 1911, 1912), Collins (1865), and Cowgill (1926). In fact, 
many of the shattercanes in clusters 3, 4 and S can be identified as such forms as "Amber 
Sorghos", while those of clusters 1 and 2 could fit several early grain sorghum cultivars. 
However, older "cultivars" of sorghum were generally much more heterogenous than the 
current, highly selected forms. Thus, the descriptions and available , herbarium specimens 
of the amber sorghums (for instance) can be easily construed to include most dark-glumed 
sorghums with large seeds fairly well enclosed by glumes. One could also argue that 
shattercanes should be most prevalent in areas of the country where forage sorghum and 
sorgho cultivation was common. However, sorghum is still being grown in these areas 
today, so "old" populations would most likely be swamped out by "new" cultivars. 
One could also try to argue that the likelihood that shattercanes are "old cultivars" 
is lessened by finding shattering grain-type sorghums that are otherwise visually identical 
to the rest of the sorghum in the production field. 
I had hoped that isozyme differences would be great enough that I could use the 
USDA sorghum germplasm collection to test this working hypothesis. However, the 
paucity of isozyme variation makes this impossible. 
This working hypothesis is still tenable, but not well supported. 
Working Hypothesis 3 
3. Shattercanes are "reversions to wild type"; cultivated plants that 
have accumulated mutations that make them resemble wild sorghums in 
some characteristics. 
Considering what we know of sorghum genetics, changing a nonshattering, grain 
sorghum to a "typical midwestern" shattercane, with dark-glumed sessile spikelets on a tall 
plant, we would need to accumulate mutations in at least one locus for callus formation, 
or for fragile rachis, two or three of the dwarfing loci (DW), one or two long glume loci 
110 
and one or two plant color loci. Accumulating S to 7 mutations could change a dwarf 
grain sorghum into a tall, typical shattercane. 
Mutation rates are known only for two of the DW loci. Presumably, mutation 
rates for other characters are much lower, because I have noted tall mutants in certified 
seed production fields, and an occasional color mutant, but not probable mutations for the 
other characters. 
The requisite mutations could certainly be occurring in cultivated fields, and, with 
the digenic inheritance of long glumes and shattering by callus, be quite resistant to being 
bred out by ordinary selection techniques. The mathematics of the mutation rates, 
however, tends to argue against this chain of mutations. Even if mutation rates were as 
high for all characters as the unstable DlKj locus, only one midwestern-type shattercane 
would be expected in highly inbred grain sorghum fields per 2.6 x 10^^ to 3.8 x 10^^ 
plants. If herbicides like atrazine and Machete are increasing overall mutation rates, the 
scenario becomes slightly more likely. 
Nevertheless, de novo synthesis of midwestern shattercanes seems an unlikely 
explanation for the majority of shattercanes, but may occur occasionally. 
Could the intermediate forms (those that have several of the requisite mutations, 
but not the entire suite) survive North American agricultural practices? Except in 
carefully rogued seed production fields, one can easily find plants with a few of these 
characters (and different combinations of characters). A certain small percentage of 
offtypes are allowed in all crop production fields, and are even more tolerated on field 
margins, in ditches, around storage buildings and other sites subject to small amounts of 
human disturbance. The prescribed isolation distances for most sorghum seed production 
are generally in the range of 300 to 500 m; it is a rare sorghum field indeed that does not 
have a single offtype or other cultivated sorghum or johnson grass within that range that 
could serve as a reservoir of undesirable characteristics. 
This working hypothesis cannot be rejected on available evidence. 
Working Hypothesis 4 
4. Shattercanes are the products of introgression of cultivated 
strains of J. bicolor with other taxa once or now cultivated, including S. 
bicolor var. sudanense and S. halepense. 
This working hypothesis also cannot be dismissed on available evidence. Again, 
when I began this project, I had hoped that I would find enough isozyme diversity to 
I l l  
adequately test this hypothesis, and have not. Morphologically, the open panicles and 
callus-shattering characters seen in some shattercanes could indeed be derived from S. 
halepense, possibly with the help of some bridging hybrids such as S.x almum. 
Chromosome number incompatibilités are not a major problem in hybridizing cultivated 
sorghums and johnson grass. Johnson grass with a somatic chromosome number of 20 is 
known to occur in feral and wild populations. Fertilization of unreduced gametes in 
cultivated sorghum by normal johnson grass gametes (or the reciprocal hybrid) also leads 
to fertile offspring. Even hybridization of plants with somatic counts of 20 and 40 
produce hybrids of varying chromosome numbers and varying degrees of sterility. It is 
quite possible that the most obvious S. halepense character — rhizomes — may not persist 
in later generations of crosses, if Hadley's (1958) experiments of kafir x johnson grass are 
typical. 
Arguments similar to those for the mutation hypothesis, about survival of offtypes 
with less than the full suite of "midwestern shattercane" characteristics serving as 
reservoirs, and isolation distances, can be made and are equally valid for this working 
hypothesis. 
Another consideration is the effect of size and spacing of breeding populations on 
direction of gene flow between populations of feral and cultivated sorghum. When 
populations of feral sorghums are dense, they will tend to interbreed with each other, and 
there will be a smaller proportion of crop pollen fertilizing the feral sorghum, thus a 
smaller proportion of crop genes will be transferred to a dense feral population. A similar 
effect might be postulated for pollen flow from feral to cultivated types: in a dense 
population, pollen from feral sorghums is more likely to be intercepted by another feral 
sorghum than by a cultivated sorghum. In a very sparse population of feral or offtype 
sorghums in a cultivated sorghum field, there is a higher probability of gene flow from 
the cultivated sorghum to the feral. 
If the feral sorghums are spread more-or-less evenly through a field of cultivated 
sorghum, a higher proportion of cultivated sorghum may be available for hybridization 
than if the same size population of feral sorghum were clumped into a dense stand. 
Hybridization between feral and cultivated sorghums is undoubtedly occurring in 
farm fields. If shattercanes are introgressants, it is more "dangerous" to have a scattered 
individuals in a production field than to have the same size population of feral sorghums 
at the edge of the field. Scattered populations are more likely to occur when the seed that 
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is planted is contaminated with undesirable sorghums, or when a field infested by 
offtypes and shattercanes in previous years is replanted with a crop sorghum, and the 
offtypes and shattercanes are not completely controlled by herbicides or cultural practices. 
Working Hypothesis 5 
S. Shattercanes are the evidence of rapid evolution of new strains 
of sorghum, probably caused by founder effect, genetic drift, and new 
selection pressures. 
We have no real measure of how genetically depauperate North American 
sorghums are. It is very likely that the number of introductions that have been made do 
not represent the entire diversity of sect. Sorghum. In addition, we do know that about 
45% of hybrid grain sorghums currently being grown in the United States have 
'Wheatland* as a seed parent, and nearly 81% of the hybrid forage production uses 
'Redlan' as seed parent. It is quite conceivable that sorghum in North America is 
behaving much like a species colonizing an island, and may indeed be adapting to new 
biotic and cultural environments. However, shattercanes are known in every country 
where sorghum is grown, and shattercanes are generally found in disturbed ground near 
the fields — Edgar Anderson's "hybrid habitat". 
The suggestion has been made that the increasing use of herbicides in the last 25 
years has increased the rate of mutations in many plants. The evidence for and against 
the herbicide mutation working hypothesis is difficult to evaluate, but heritable mutations 
in sorghum (mainly chlorophyll mutations) and chromosomal abnormalities have been 
induced by atrazine, a very popular herbicide in this country, and by the herbicide 
Machete, in the Phillipines. It is possible that herbicide damage could increase the 
amount of variability available for natural and human selection to act upon. 
This working hypothesis also cannot be rejected on the basis of available evidence. 
Working Hypothesis 6 
6. Shattercanes are the products of segregation of "weedy-looking" 
commercial sorghum hybrids, perhaps forage hybrids that may have sudan 
grass or Johnson grass in their ancestry. 
This working hypothesis is closely allied to the introgression working hypothesis, 
although it relies upon selection acting on later generations of human-created hybrids 
rather than naturally occurring hybrids. Breeders have used both Johnson grass and sudan 
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grass as breeding materials, especially for forage sorghums. Again, this working 
hypothesis cannot be ruled out on available evidence. 
Viability of Working Hypotheses 
The working hypotheses that seem to least likely are that shattercanes are wild 
species that have escaped in this country, and that these are old cultivars that are 
persisting. It is very difficult to see that either of these could account for the large 
number of shattering sorghums that I found that very closely resembled the grain sorghum 
crop that I found them in. 
The other four working hypotheses can be combined into a more generalized form: 
that natural and human selection is operating on the cryptic and exposed variability in 
sorghums now grown in North America. The combinations of characters do not generally 
suit these plants for life as a "wild" species; they do not invade thoroughly colonized 
habitats. Humans select against those plants in seed production operations, by roguing, by 
chemical controls such as nonselective herbicides applied to all plants standing above the 
desired crop, and by cultivation. None of these methods is absolutely effective, and 
shattercanes and other offtypes will persist on the margins of fields and in areas of 
disturbed soil and little human intervention. 
This hypothesized "continual creation of shattercanes" might also help explain why 
Mikula (1956) saw so many more fragile-rachis shattercanes than I did when collecting in 
the same areas 30 years later. It would also explain the differences in Johnson grass 
morphology in this country compared to the African and Mediterranean Johnson grasses. 
If Johnson grass in this country is introgressing with another sorghum, and the available 
sorghums all have broader leaves, larger seeds and denser panicles, one would expect to 
find "Johnson grass" in this country with these characters to some extent, and indeed, such 
specimens are relatively common. 
Genetic considerations such as polygenes, linkage groups, heritability, and ease of 
selection are influencing both human and natural selection of shattercanes and other feral 
sorghums. Repeated cycles of hybridization and selection can quickly lead to the sort of 
disruptive selection that Doggett hypothesized for sorghum domestication in Africa. 
Taxonomlc Treatment of Shattercane 
It is very difficult to find a good way to treat cultivated plants, weeds, and 
products of reticulate evolution within framework of scientific nomenclature. I believe 
that shattercanes are polyphyletic, and, because of this polyphylesis, should not be given 
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formal taxonomic standing. To give all shattercanes a single name negates the biological 
reality that we have a number of plants, probably of different origins, that cannot be 
reliably distinguished. The plants have a single biological character in common — they 
disperse their seeds like wild plants do, rather than retain them in the manner of seed 
crops; even in this they are heterogeneous, for some shatter by callus formation and others 
by a fragile rachis. Yet some of these plants are probably late generations of interspecific 
hybrids, others earlier generations, and some are simply cultivated plants that have a 
mutation for seed dispersal. 
de Wet (1978) chose to use the name 5. bicolor ssp. drummondii for shattercanes, as 
Mikula had used S. ndgare var. drummondii. This is probably a poor choice, for the type 
of the basionym would be A. drummondii Steud., a form that retains its sessile spikelets at 
maturity. 
One could also extend the classification of Snowden, either by adding more forms 
to the 524 he described for cultivated sorghum, to indicate the taxon that the shattercane 
is most closely allied with. Such a system is cumbersome, and must be extended ad 
infinitum as plants with character combinations of several species are created by breeders 
and by natural hybridization when formerly geographically isolated entities are brought 
together. Nomenclatural problems would also arise from reviving the Snowden system: 
the autonym rule (sec. 26.2) of the International Code of Botanical Nomenclature (Voss, 
1984) specifically states that an infraspecific autonym is automatically created by the first 
valid publication of an infraspecific taxon that does not include the type of the species. 
Snowden (1935, 1936, 1955), in creating varietal epithets, did not always specifically 
create autonyms, so some varietal names will need changing in order to conform with the 
ICBN. 
We now know that all of the species Snowden classified as section Eu-sorghum are 
capable of hybridization, and, by comparing his species descriptions with what is now 
known about sorghum genetics, it is apparent that many of his species are separated by 
only a few alleles. It seems preferable to me, then, to name as species only the taxa that 
appear to maintain themselves when brought into reasonable physical proximity. 
I have already indicated that I prefer the informal classification of de Wet and his 
co-workers to formal infraspecific nomenclature for cultivated sorghums. I believe that 
such a system could easily be extended to include a "form-taxon" for shattercane 
analogous to the races named for cultivated sorghum. It could be argued that S. bicolor 
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ssp. drummondii sensu deWet is such a "form-taxon"; however, a vernacular name — like 
"form shattercane" or "race shattercane" — would immediately alert people that this is not 
a subspecies or a variety in the sense that these terms are used for wild plants. 
The function of using "race Durra", etc.. In classifying sorghum was to recognize 
groupings that were useful to the breeder or grower, but do not fit the usual taxonomic 
categories. The problem of shattercane seems to be homologous: we have a variety of 
plant materials, and we need a convenient name so that we can discuss them, but we also 
should not give a false impression that these plants are reasonably uniform by using a 
name in the form of a (presumably monophyletic) infraspecific taxon. 
If shattercanes were cultivated plants, a ready-made solution would seem to be at 
hand in the International Code of Nomenclature of Cultivated Plants (Brickell, 1980). 
This is the concept of "cultivar group* as "...an assemblage of similar cultivars...". Note 
that this definition does not require that the cultivars under consideration be related in a 
phyletic sense, but can simply be cultivars with similar cultural characteristics or uses. 
Such cultivar groups may be phyletic, or they may simply be convenience categories for 
consumers, growers, breeders, germplasm banks, or similar functions: consider the utility 
of such cultivar groups as "shrub roses" or "loosehead lettuce". 
Allowing such "form-taxa" for weeds that have been modified by human activity 
would, at first glance, seem to be an attempt to sidestep the ICBN. However, the second 
sentence of the Code is, "The purpose of giving a name to a taxonomic group is not to 
indiceue its characters or history, but to supply a means of referring to it and to indicate 
its taxonomic rank" (italics mine). 
The purposes of classification are to produce a taxonomy with information content 
and predictive value, and a taxonomy that is of utility to the "consumer". In the case of 
the shattercanes, where the primary "consumers" are breeders, growers and weed 
specialists, the concept of "shattercane" is quite useful to indicate plants with deciduous 
sessile spikelets, regardless of phyletic origins. Except where efforts at eradication fail 
because of differences in the biology of the various shattercanes, these "consumers" do not 
care if the shattercanes are monophyletic or polyphyletic. 
There is an additional problem, that of "nonshattering shattercanes": i.e., 
undesirable offtypes that resemble shattercanes in every character except shattering. 
"Race shattercane" may indeed be a misleading name if these offtypes are as undesirable 
as shattercanes, and there is no real purpose for most consumers in separating shattering 
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and nonshattering types. Amending the circumscription of 5. bicolor van drummondii to 
include both shattering and nonshattering forms might be a possibility, but one risks 
nomina confusa or else one must cite the revisionary author each time. Another would be 
to use a vernacular name such as "race feral" as an inclusive term, and "subrace 
shattercane", "subrace chickencorn", etc., for as many form entities as may need 
recognition. 
The issue of trying to make nomenclature conform to biology is trivial when 
compared to the problem of trying to understand the biology of a group of plants, a task 
made even more difficult by human selection. 
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APPENDIX A. 
MORPHOLOGICAL DATA 
USED FOR STATISTICAL ANALYSES 
Table Al. Data used in cluster analysis. Accession numbers correspond to Fig. 6, p. 74, and List 1, p. 49 
Characters and character states correspond to List 2, p. 59 
General Inflorescence Characters: Cluster 1: 
Panicle Peduncle 
Harlan-deWet Shattering Length L/W Diameter 
Accession Classification bv means of: fcml Ratio Form Curvature (cm) 
886b caudatum-durra nonshattering 29.6 2.7 6 straight 1.1 
886c caudatum-durra nonshattering 32.5 1.4 2 straight 1.1 
886d caudatum-durra nonshattering 30.4 2.6 6 stnught 1.1 
886k caudatum-durra callus 30.0 4.9 3 straight 1.1 
889b guinea-kafir nonshattering 28.2 3.6 6 straight 0.9 
890.3 caudatum nonshattering 32.8 3.9 6 straight 1.2 
890.5 caudatum-guinea nonshattering 23.5 3.2 2 straight 0.5 
907b caudatum-durra nonshattering 24,5 5.1 6 straight 0.5 
91 Ih caudatum callus 28.9 2.1 6 straight 1.0 
919f caudatum-durra nonshattering 30.2 3.4 6 straight 1.0 
921b caudatum-guinea nonshattering 20.4 2.2 4 straight 0.6 
922b kafir nonshattering 18.6 2.5 6 straight 0.6 
924a caudatum-kafir nonshattering 31.2 3.2 4 straight 0.7 
924e caudatum nonshattering 22.8 2.1 6 straight 0.8 
924f caudatum-kafir nonshattering 27.6 2.5 6 straight 0.8 
931.1 caudatum-kafir callus 23.9 1.6 5 curved 0.7 
932a caudatum nonshattering 27.2 2.4 6 straight 1.1 
932b caudatum nonshattering 23.5 3.5 2 straight 0.6 
955-1219 caudatum-durra nonshattering 33.0 3.7 2 Straight 0.9 
971d caudatum nonshattering 29.8 3.5 6 straight 0.9 
972.1 bicolor-caudatum nonshattering 26.4 2.5 2 straight 0.5 
974.1 bicolor nonshattering 41.6 4.2 2 straight 0.7 
977.2 caudatum nonshattering 29.1 4.2 6 straight 0.7 
981-1056a caudatum nonshattering 27.2 3.6 4 straight 0.8 
988-1019 caudatum-durra nonshattering 28.1 3.0 6 straight 1.0 
U11755 caudatum nonshattering 22.5 1.5 7 curved 1.4 
Table Al. (continued) 
General Inflorescence Characters: Cluster 2: 
Harlan-deWet Shattering 
Accession Classification bv means of: 
907a caudatum-durra nonshattering 
907c caudatum-durra nonshattering 
911b caudatum callus 
911c caudatum nonshattering 
91 Id caudatum-durra nonshattering 
924c caudatum-kafir rachis 
931c caudatum nonshattering 
971a caudatum callus 
977.1 caudatum nonshattering 
981-1056 caudatum-kafir nonshattering 
988-1018 caudatum-durra callus 
989.1 caudatum nonshattering 
SA-281 caudatum nonshattering 
U17383 caudatum nonshattering 
Panicle Peduncle 
Length L/W Diameter 
Ratio Form Curvature (cm) 
24.9 3.4 6 straight 0.7 
24.4 3.3 6 straight 0.7 
27.1 2.8 3 straight 1.0 
32.6 3.3 6 straight 1.0 
28.8 3.4 3 straight 0.7 
35.9 2.0 5 straight 0.9 
21.2 2.2 4 straight 0.7 
22.5 2.5 3 straight 1.0 
29.4 3.6 4 strught 0.9 
27.9 3.2 4 straight 0.6 
28.7 2.5 4 straight 1.1 
29.6 3.2 6 straight 0.9 
29.0 3.6 6 straight 1.2 
17.0 5.9 3 straight 0.3 
Table Al. (continued) 
General Inflorescence Characters: Cluster 3: 
Harlan-deWet Shattering 
Accession Classification bv means of; 
886j caudatum-durra callus 
907g caudatum-durra callus 
926a bicolor callus 
926b bicolor callus 
926c bicolor callus 
926d bicolor-caudatum callus 
958-1063 caudatum callus 
970-1039 bicolor-caudatum callus 
975.1 caudatum callus 
975.2 caudatum-kafir callus 
984.1 bicolor callus 
U3I1 caudatum nonshattering 
U3511b bicolor nonshattering 
Panicle Peduncle 
Length L/W Diameter 
(cm> Ratio Form Curvature fcm> 
31.5 4.9 3 straight 1.0 
21.2 8.5 3 straight 0.4 
28.1 3.0 2 straight 0.8 
32.0 2.8 2 straight 0.7 
17.1 2.8 2 straight 0.3 
24.5 2.4 3 straight 0.7 
31.1 11.1 3 straight 0.7 
32.9 9.7 2 straight 0.6 
25.6 4.0 6 straight 1.0 
24.5 7.7 6 straight 0.9 
28.9 6.4 2 straight 0.5 
31.1 3.7 2 straight 0.7 
28.2 8.1 2 straight 0.2 
Table Al. (continued) 
General Inflorescence Characters: Cluster 4: 
Accession 
Harlan-deWet 
Classification 
Shattering 
bv means of: 
886a caudatum callus 
886e caudatum callus 
886f caudatum-durra callus 
886g caudatum callus 
889-1244 guinea-kafir nonshattering 
911e caudatum-durra nonshattering 
91 If bicolor callus 
911g caudatum-durra callus 
919a caudatum-durra callus 
919b caudatum-durra callus 
919c caudatum-durra callus 
920a caudatum-durra nonshattering 
920b caudatum-durra nonshattering 
921a caudatum-durra callus 
921d caudatum-durra callus 
921e kafir callus 
921f caudatum-durra callus 
922a caudatum-durra callus 
924b caudatum-kafir nonshattering 
926e bicolor-caudatum callus 
926f bicolor callus 
931b caudatum-kafir nonshattering 
U1549 bicolor nonshattering 
U18863 bicolor-caudatum nonshattering 
Panicle Peduncle 
Length L/W Diameter 
(cm) Ratio Form Curvature rem) 
27.2 5.2 2 straight 0.8 
12.5 3.0 2 straight 0.4 
20.5 3.4 2 straight 0.6 
25.2 2.0 2 straight 0.6 
29.8 3.6 2 straight 0.9 
25.1 3.6 4 straight 0.6 
34.4 2.2 1 straight 0.3 
22.2 4.7 2 straight 0.3 
28.8 3.0 2 straight 0.8 
22.3 4.3 4 straight 0.6 
22.1 3.1 2 straight 0.7 
31.2 3.0 4 straight 0.8 
29.1 3.1 4 straight 0.7 
22.8 4.4 2 straight 0.6 
25.5 3.3 3 straight 0.7 
23.2 3.1 4 straight 0.6 
28.8 3.6 3 straight 0.7 
31.3 2.9 3 straight 0.9 
35.9 1.3 5 straight 0.9 
22.4 3.5 3 straight 0.6 
19.3 3.3 2 straight 0.4 
36.4 2.4 4 straight 1.0 
34.3 3.3 9 straight 0.8 
51.3 2.9 9 straight 1.5 
Table Al. (continued) 
Generjd Inflorescence Characters: Cluster S: 
Harlan-deWet Shattering 
Accession Classification bv means of: 
863 bicolor-caudatum nonshattering 
867b-1231 bicolor-guinea nonshattering 
869 bicolor rachis 
886h caudatum-durra rachis 
890.1 bicolor-caudatum rachis 
890.2 bicolor-caudatum nonshattering 
907e caudatum-durra rachis 
907h caudatum-durra rachis 
918a caudatum-durra nonshattering 
927c bicolor-caudatum rachis 
927d bicolor-caudatum nonshattering 
953e bicolor-caudatum nonshattering 
953f bicolor-caudatum nonshattering 
954-1021 bicolor-caudatum nonshattering 
960-1064 caudatum-durra callus 
U11750 caudatum nonshattering 
Panicle Peduncle 
Length L/W Diameter 
(cm\ Ratio Form Curvature fcm> 
16.8 2.2 2 straight 0.4 
35.5 2.9 2 straight 0.8 
42.1 3.3 1 stnûght 0.6 
25.0 2.4 2 straight 0.6 
32.8 2.6 2 stnûght 0.6 
24.2 4.0 2 straight 0.4 
23.0 3.7 3 straight — 
24.9 3.2 4 straight 0.5 
29.5 5.8 2 straight 0.3 
28.8 2.2 2 straight 0.6 
33.1 3.0 2 straight 0.7 
36.1 3.3 2 stra^ht 0.7 
32.2 2.9 2 straight 0.6 
25.1 2.0 2 straight 0.6 
37.3 2.3 2 straight 0.8 
27.0 2.1 2 straight 0.6 
Table Al. (continued) 
General Inflorescence Characters: Cluster 6: 
Accession 
Harlan-deWet 
Classification 
Shattering 
bv means of: 
911a caudatuin-guinea callus 
918b caudatum-durra nonshattering 
918c caudatum-durra nonshattering 
920c caudatum-durra nonshattering 
923 bicolor callus 
924d caudatum-kafir nonshattering 
927a bicolor-caudatum callus 
930 bicolor callus 
982 bicolor callus 
U756 bicolor unknown 
U3511a bicolor nonshattering 
U3600 bicolor nonshattering 
U10579 bicolor nonshattering 
Panicle 
Length L/W Diameter 
(ctb) Eatis Form Cvrvattrff (ct) 
23.8 6.4 3 straight 0.4 
45.5 4.2 2 straight 0.6 
31.1 4.0 2 straight 0.7 
19.4 4.4 2 straight 0.3 
63.7 2.2 1 straight 0.4 
31.2 2.2 4 straight 0.8 
22.2 2.8 2 straight 0.4 
37.5 2.3 2 straight 0.6 
51.2 4.2 1 straight 0.6 
23.9 2.6 3 straight 0.4 
15.5 8.6 1 straight 0.1 
24.6 1.6 1 straight 0.2 
31.0 2.7 1 straight 0.3 
Table Al. (continued) 
General Inflorescence Characters: Cluster 7: 
Harlan-deWet Shattering 
Accession Classification bv means of: 
882.1 bicolor callus 
886i caudatum-durra nonshattering 
8861 bicolor callus 
889-1250 bicolor callus 
889a kafir callus 
892 bicolor-caudatum callus 
893.1 bicolor-caudatum callus 
899 bicolor-caudatum callus 
901 bicolor callus 
907f bicolor callus 
919d caudatum-durra callus 
919e bicolor callus 
927b bicolor-caudatum callus 
930.1 caudatum callus 
932c caudatum callus 
949-1222 bicolor callus 
961 bicolor callus 
983 bicolor-caudatum callus 
984.2 bicolor-caudatum callus 
988.1 caudatum-durra callus 
U522 bicolor callus 
U1600 bicolor unknown 
U36272 bicolor callus 
Panicle Peduncle 
Length L/W Diameter 
(çm) Eatifi Fom Cvmtvfg fm) 
40.3 1.4 1 straight 0.6 
27.1 1.7 3 straight 0.8 
36.8 1.6 1 straight 0.5 
43.1 3.7 1 straight 1.0 
28.5 4.6 2 straight 0.8 
24.5 2.1 1 straight 0.3 
30.1 3.8 2 straight 0.4 
27.4 2.5 1 straight 0.2 
21.5 4.8 1 straight 0.2 
30.2 2.0 1 straight 0.3 
33.4 2.4 6 straight 1.0 
43.9 5.2 1 straight 0.4 
24.0 2.4 2 straight 0.5 
37.6 2.1 2 straight 0.6 
38.4 3.9 2 straight 0.7 
37.2 1.9 1 straight 0.3 
39.3 2.4 1 straight 0.3 
30.3 3.7 2 straight 0.5 
41.4 8.0 2 straight — 
26.8 3.3 4 straight 1.1 
37.2 2.1 1 straight 0.2 
27.3 2.4 1 straight 0.3 
32.2 3.4 1 straight 0.3 
Table Al. (continued) 
Panicle and Sessile Splkelet Characters: Cluster 1: 
Panjçl? Braqçhgs Sessile Snikelets 
No. at Fertile + Ratio Callus 
Lowest Sterile Fertile/Sterile Trichomes 
Accession Pattern Node Length Length Pubescence [ I Shane 
886b tortuous 2 8.3 2.5 pubescent 4 elliptic 
886c tortuous 1 8.4 8.3 pubescent 10 elliptic 
886d tortuous 1 7.8 25.0 pubescent 9 obovate 
886k tortuous 1 3.4 10.3 pubescent 11 elliptic 
889b tortuous 1 6.6 1.0 pubescent 4 obovate 
890.3 tortuous 1 5.6 55,0 pubescent 8 ovate 
890.5 non-tortuous 3 7.1 1.2 pubescent 8 elliptic 
907b tortuous 1 0.0 — pubescent 7 obovate 
91 Ih tortuous 9 8.7 5.0 pubescent 11 obovate 
919f tortuous 1 5.9 18.7 pubescent 11 obovate 
921b non-tortuous 1 4.5 6.5 pubescent 6 obovate 
922b tortuous 1 3.1 5.2 pubescent 0 obovate 
924a tortuous 1 7.8 38.0 pubescent 3 obovate 
924e tortuous 1 9.8 1.0 pubescent 4 obovate 
924f tortuous 1 13.6 1.3 pubescent 6 obovate 
931.1 tortuous 1 4.9 5.1 pubescent 8 ovate 
932a tortuous 1 5.0 5.3 pubescent 6 obovate 
932b non-tortuous 1 5.3 6.6 pubescent 7 obovate 
955-1219 tortuous 1 0.0 — pubescent 7 elliptic 
971d tortuous 2 11.2 2.9 glabrous 6 elliptic 
972.1 tortuous 5 9.4 3.1 pubescent 10 elliptic-ovate 
974.1 non-tortuous 1 7.8 38.0 pubescent 5 ovate 
977.2 tortuous — — — pubescent 9 elliptic 
981-1056a tortuous 1 3.5 34.0 pubescent 8 obovate 
988-1019 tortuous 6 10.5 2.1 pubescent 9 ovate 
U11755 tortuous 1 1.7 16.0 pubescent 10 ovate 
Table Al. (continued) 
Panicle and Sessile Splkelet Characters: Cluster 2: 
Papjglg Brawtigs; Sessile Soilcelets 
No. at Fertile + Ratio Callus 
Lowest Sterile Fertile/Sterile Trichomes 
Accession Pattern Node Length Length Pubescence 
Î 1 Shane 
907a non-tortuous 1 4.6 4.8 pubescent 9 obovate 
907c non-tortuous 1 0.0 —- pubescent 8 obovate 
911b non-tortuous 6.8 2.8 pubescent 8 obovate 
911c tortuous 1 7.9 25.3 pubescent 8 obovate 
91 Id non-tortuous 1 8.4 41.0 pubescent 9 obovate 
924c tortuous 1 4.8 15.0 pubescent 4 obovate 
931c tortuous 1 5.9 58.0 pubescent 7 obovate 
971a tortuous 8.6 3.0 pubescent 7 ovate 
977.1 tortuous 1 6.7 3.5 pubescent 8 elliptic 
981-1056 tortuous 1 3.7 17.5 pubescent 4 obovate 
988-1018 tortuous 1 9.5 46.5 pubescent 11 obovate 
989.1 non-tortuous 1 6.9 8.9 pubescent 7 elliptic 
SA-281 tortuous 2 0.0 — pubescent 11 obovate 
U17383 non-tortuous 2 3.8 5.9 pubescent 7 ovate 
Table Al. (continued) 
Panicle and Sessile Spikelet Characters: Cluster 3: 
PaPjglg Braffçfigg; Sessile Soikelets 
No. at Fertile + Ratio Callus 
Lowest Sterile Fertile/Sterile Trichomes 
Accession Pattern Node Length Length Pubescence Length (mm) Shaoe 
886j tortuous 3 13.4 1.9 pubescent 7 obovate 
907g non-tortuous 1 0.0 — nodes only 9 ovate 
926a tortuous 1 4.0 9.0 pubescent 9 ovate 
926b non-tortuous 7 7.8 3.6 pubescent 7 ovate 
926c tortuous 3 4.2 5.3 pubescent 6 obovate 
926d tortuous 1 6.6 4.5 pubescent 7 elliptic 
958-1063 non-tortuous 1 9.0 14.0 pubescent 7 obovate 
970-1039 tortuous 6 8.3 4.7 pubescent 5 ovate 
975.1 tortuous 1 5.2 5.5 pubescent 8 obovate-elliptic 
975.2 tortuous 1 4.6 2.3 pubescent 7 ovate 
984.1 non-tortuous 1 8.1 2.7 nodes only 9 ovate 
U311 non-tortuous 1 0.0 — glabrous 7 ovate 
U35ilb non-tortuous 1 6.8 67.0 pubescent 6 ovate 
Table Al. (continued) 
Panicle and Sessile Splkelet Characters: Cluster 4: 
Paffiglg Sessile Soikelets 
No. at Fertile + Ratio Callus 
Lowest Sterile Fertile/Sterile Trichomes 
Accession Pattern Node Length Length Pubescence Length fmm) Shane 
886a tortuous 1 9.7 5.1 pubescent 9 ovate 
886e non-tortuous 3 3.3 5.7 pubescent 6 ovate 
886f non-tortuous 1 6.2 14.5 pubescent 7 ell^tic 
886g tortuous 1 7.2 9.3 pubescent 6 ovate 
889-1244 tortuous 1 6.9 22.0 pubescent 8 elliptic 
91 le non-tortuous 2 6.7 9.3 pubescent 9 obovate 
91 if non-tortuous 4 14.8 2.8 nodes only 4 ovate 
91 Ig tortuous 2 4.0 2.8 pubescent 7 obovate 
919a non-tortuous 1 4.5 10.3 nodes only 7 obovate 
919b non-tortuous 1 3.8 18.0 pubescent 7 obovate 
919c tortuous 1 4.6 22.0 pubescent 8 obovate 
920a tortuous 1 9.1 10.4 nodes only 0 obovate 
920b tortuous 1 9.9 8.0 pubescent 0 ovate 
921a non-tortuous 8.2 4.0 pubescent 8 obovate 
921d non-tortuous 1 5.9 6.4 pubescent 7 obovate 
921e tortuous — — pubescent 7 obovate 
921f non-tortuous 1 2.8 3.0 nodes only 9 obovate 
922a tortuous 1 6.2 19.7 pubescent 7 obovate 
924b tortuous 1 8.7 13.5 pubescent 9 obovate 
926e tortuous I 0.0 — pubescent 11 obovate 
926f tortuous 1 3.5 10.7 pubescent 7 ovate 
931b non-tortuous 1 11.1 5.9 pubescent 9 obovate 
U1549 non-tortuous 40 34.3 2.4 nodes only 7 obovate 
U18863 non-tortuous 40 46.6 1.2 glabrous 8 obovate 
Table Al. (continued) 
Panicle and Sessile Splkelet Characters: Cluster 5: 
Panicle Branches: Sessile Snikelets 
No. at Fertile + Ratio Callus 
Lowest Sterile Fertile/Sterile Trichomes 
Accession Pattern Node Length Length Pubescence Length fmm) Shane 
863 non-tortuous 3 4.7 1.1 glabrous 12 obovate 
867b-1231 tortuoiu 4 13.2 5.8 pubescent 12 ovate 
869 non-tortuous 2 20.3 2.1 nodes only 3 ovate 
886h non-tortuous 7 8.9 3.7 pubescent 7 ovate 
890.1 tortuous 3 3.9 3.0 pubescent 12 obovate 
890.2 tortuous 4 8.1 3.2 pubescent 14 elliptic-ovate 
907e non-tortuous 2 7.9 16.6 pubescent 7 obovate 
907h non-tortuous 6 9.2 12.6 pubescent 10 ovate 
918a non-tortuous 3 8.7 3.0 pubescent 6 ovate 
927c non-tortuous 5 19.0 1.8 pubescent 18 ovate 
927d non-tortuous 1 16.6 3.3 pubescent 8 ovate 
953e non-tortuous 1 15.9 3.8 nodes only 7 ovate 
953f non-tortuous 1 16.2 5.5 pubescent 9 ovate 
954-1021 non-tortuous 5 16.8 3.0 pubescent 12 obovate-elliptic 
960-1064 non-tortuous 1 16.2 3.0 nodes only 11 ovate 
U11750 non-tortuous 1 0.0 — nodes only 10 elliptic-ovate 
Table Al. (continued) 
Panicle and Sessile Spikelet Characters: Cluster 6: 
Panicle Branches: , Swsite SpiKfkA 
No. at Fertile + Ratio Callus 
Lowest Sterile Fertile/Sterile Trichomes 
Accession Pattern Node Length Length Pubescence Length (mm) Shaoe 
911a non-tortuous 4 10.5 2.9 pubescent 6 obovate 
918b non-tortuous 1 15.5 3.6 pubescent 9 ovate 
918c non-tortuous 1 7.0 7.8 pubescent 7 obovate 
920c non-tortuous 1 8.0 12.3 nodes only 5 ovate 
923 non-tortuous 5 24.6 2.7 nodes only 7 ovate 
924d tortuous 1 11.8 2.0 pubescent 6 ovate 
927a non-tortuous 3 8.7 3.7 nodes only 8 ovate 
930 tortuous 3 8.5 31.0 pubescent 6 ovate 
982 non-tortuous 5 15.4 3.3 nodes only 6 ovate 
U756 non-tortuous 1 15.2 2.8 nodes only 3 ovate 
U3Slla non-tortuous 2 5.4 4.6 pubescent 7 ovate 
U3600 non-tortuous 2 10.2 21.6 pubescent 4 ovate 
UI0579 non-tortuous 6 13.3 2.5 nodes only 9 ovate 
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Table Al. (continued) 
Glume 1 Characters: Cluster 1: 
Trichome placement 
Tip Tex­ Tip Color­ Term­ Mar­ Med­ Length Width L/W 
Accession shape ture form ation inal Basal ginal ial Shape ' fmm) fmm) ratio 
886b blunt thin winged flushed + + + + ellip-ovate 5.1 4.0 128 
886c blunt thin unwinged spotted + + + + ovate 4.7 4.2 1.12 
886d blunt cori. winged spotted + + + + ovate 4.7 4.1 1.15 
886k blunt cori. unwinged spotted + - + - ovate 4.2 3.7 1.14 
889b blunt cori. unwinged uniform + - - - ovate 4.2 3.2 1.31 
890.3 blunt thin unwinged uniform + + + + ovate 4.9 3.5 1.40 
890.5 blunt thin unwinged spotted + + + + ovate 4.2 3.6 1.17 
907b blunt cori. winged spotted + + + + ovate 4.5 3.0 1.50 
91 Ih blunt thin winged uniform + + + + ovate 4.6 3.7 1.24 
919f blunt thin winged tipped + + + + obovate 4.4 3.8 1.16 
921b acute thin winged flushed + + + - obovate 4.2 3.1 1.35 
922b acute cori. winged spotted + + + - obovate 4.9 3.6 1.36 
924a blunt thin winged spotted + + + + ovate 4.5 3.6 1.25 
924e acute thin unwinged spotted + - + - obovate 4.2 3.2 1.31 
924f acute thin winged spotted + + + - ovate 4.0 3.4 1.18 
931.1 acute cori. unwinged tipped + + + - ovate 5.3 3.3 1.61 
932a acute thin winged spotted + + + + ' obovate 5.1 3.4 1.50 
932b blunt cori. unwinged flushed + + + - ovate 3.7 3.6 1.03 
955-1219 blunt cori. winged tipped - - + - ellip-ovate 4.8 3.6 1.33 
971d acute cori. winged uniform + - + - ovate 5.0 2.8 1.79 
972.1 blunt thin winged spotted + - + - ovate 4.3 3.2 1.34 
974.1 blunt thin winged spotted - - + - ovate 5.2 3.2 1.63 
977.2 blunt thin winged spotted + + + + ovate 4.9 3.2 1.53 
981-1056a acute thin winged spotted + + + + ovate 4.2 3.4 1.24 
988-1019 blunt thin winged spotted + + + + ovate 5.4 3.7 1.46 
U11755 blunt thin winged tipped + + + + ovate 4.5 3.4 1.32 
Table Al. (continued) 
Glume 1 Characters: Cluster 2: 
Tip Tex­ Tip Color­ Term­ Mar­ Med­ Length Width L/W 
Accession shaoe ture form ation inal Basal ginal ial Shaoe fmm) ratio 
907a blunt thin winged unifonn + + + + ovate 5.0 4.2 1.19 
907c blunt cori. winged ovate + + + + ovate 4.7 3.6 1.31 
911b acute thin winged uniform + - + - ovate 4.9 3.0 1.63 
911c blunt cori. unwinged tipped + + + + obovate 4.5 4.2 1.07 
911d blunt cori. unwinged uniform + + + + obovate 4.3 3.2 1.34 
924c blunt cori. winged uniform + + + + obovate 4.9 3.8 1.29 
931c acute thin unwinged unifonn + + + + obovate 4.2 3.2 1.31 
971a acute thin winged uniform + - + - ovate 5.2 3.7 1.41 
977.1 acute thin winged uniform + + + + ovate 4.2 3.3 1.27 
981-1056 acute thin toothed uniform + + + + ovate 4.2 2.6 1.62 
988-1018 acute cori. winged uniform + + + + obovate 5.7 3.9 1.46 
989.1 blunt thin winged uniform + + + + ovate 4.8 4.2 1.14 
SA-281 blunt thin winged uniform + + + + ovate 3.3 2.9 1.14 
U17383 blunt cori. winged uniform + + + + ovate 5.0 3.2 1.56 
Table Al. (continued) 
Glume 1 Characters: Cluster 3: 
Tip Tex­ Tip Color­ Term­ Mar­ Med­ Length Width L/W 
Accession shaoe ture form ation inal ginal ial Shaoe fmm) fmm^ ratio 
886j acute thin unwinged spotted + + obovate 5.7 4.1 1.39 
907g acute thin winged uniform + - + - ovate 4.8 3.1 L55 
926a acute thin winged spotted + + + + ovate 4.4 2.9 1.52 
926b acute thin winged spotted + + + - ovate 5.2 2.8 1.86 
926c acute thin unwinged spotted + + + - obovate 5.2 3.2 1.63 
926d acute thin unwinged spotted + + - - elliptic 5.5 3.5 1.57 
958-1063 acute thin winged spotted + - + - ovate 4.7 3.2 1.47 
970-1039 acute cori. unwinged spotted + - - - ovate 5.7 3.2 1.78 
975.1 acute thin unwinged spotted + + + + ovate 5.8 3.6 1.61 
975.2 acute thin toothed tipped + - + - ovate 5.7 4.4 1.30 
984.1 blunt thin toothed spotted + - + - ovate 5.7 3.2 1.78 
U311 acute thin unwinged spotted + + + + ovate 6.4 2.7 2.37 
U35Ub acute thin winged spotted + + + + ovate 6.9 2.3 3.00 
Table Al. (continued) 
Glume 1 Characters: Cluster 4: 
Trichome placement: 
Tip Tex­ Tip Color­ Term­ Mar­ Med­ Length Width L/W 
Accession Shane ture form ation inal Basal ginal ial Shane fmm) fmm) ratio 
886a blunt thin winged uniform + + + elliptic 4.4 3.5 1.26 
886e acute thin winged tipped + - + - ellip-ovate 4.6 3.6 1.28 
886f acute thin unwinged uniform + + + + obovate 6.2 3.7 1.68 
886g acute thin winged tipped + + + + obovate 4.2 3.2 1.31 
889-1244 acute thin winged tipped + - + - elliptic 4.2 3.0 1.40 
91 le acute thin winged uniform + + + + obovate 4.6 3.5 1.31 
911f acute thin toothed uniform + + + + ovate 4.5 2.0 2.25 
911g acute thin winged uniform + + + + obovate 4.8 3.5 1.37 
919a acute thin winged tipped + + + + elliptic 4.5 3.2 1.41 
919b acute thin toothed tipped + + + + ovate 4.6 3.0 1.53 
919c blunt thin unwinged uniform + + + + obovate 4.8 3.1 1.55 
920a acute cori. winged tipped + + + - ovate 5.6 3.2 1.75 
920b acute thin winged tipped + - + - ovate 5.3 3.2 1.66 
921a acute thin winged tipped + - + - obovate 5.2 3.2 1.63 
921d acute thin winged uniform + + + - obovate 5.1 3.5 1.46 
921e blunt cori. winged uniform + + + + obovate 3.9 3.5 1.11 
921f acute thin winged uniform + + + + obovate 5.2 3.6 1.44 
922a acute thin winged uniform + + + - obovate 5.3 3.2 1.66 
924b blunt thin winged tipped + + + - ovate 5.0 3.5 1.43 
926e blunt thin unwinged uniform + + + + obovate 4.1 3.2 1.28 
926f acute thin winged uniform + + + - obovate 5.7 3.5 1.63 
931b acute cori. winged uniform + + + - obovate 5.4 3.4 1.59 
U1549 acute cori. winged uniform + - + - obovate 4.5 2.8 1.61 
U18863 blunt thin unwinged uniform + - + - obovate 5.1 3.0 1.70 
Table Al. (continued) 
Glume 1 Characters: Cluster 5: 
Trichome placement: 
Tip Tex­ Tip Color­ Term­ Mar­ Med­ Length Width L/W 
Accession shape ture form ation inal Basal ginal ial Shaoe fmm) (mm) ratio 
863 blunt thin toothed tipped + ovate 52 3.0 1.73 
867b-1231 — — — tipped + + + - ovate 6.4 4.2 1.52 
869 acute thin toothed tipped + - - - ovate 5.9 2.6 221 
886h blunt thin winged uniform - - + - ovate 6.2 4.2 1.48 
890.1 blunt thin winged tipped - - + - ellip-ovate 5.9 3.8 1.55 
890.2 blunt thin winged uniform - - + - elliptic 5.6 3.6 1.56 
907e acute thin winged uniform + + + + ovate 5.4 3.5 1.54 
907h acute thin winged tipped + + + + ovate 5.4 3.7 1.46 
918a acute thin toothed tipped + + + + ovate 4.8 2.7 1.78 
927c acute thin winged uniform + - + - ovate 4.8 3.2 1.50 
927d acute thin toothed uniform + + + - ovate 5.5 3.3 1.67 
953e acute thin toothed tipped + + + + ovate 5.4 3.3 1.64 
953f acute thin toothed uniform + + + + ovate 5.6 3.2 1.75 
954-1021 blunt thin toothed tipped + - - - ellip-ovate 5.3 3.9 1.36 
960-1064 acute cori. winged tipped + - + - ovate 6.2 3.5 1.77 
U11750 acute cori. unwinged tipped + + + + ovate 5.2 3.0 1.73 
Table Al. (continued) 
Glume 1 Characters: Cluster 6: 
Trichome placement 
Tip Tex­ Tip Color­ Term­ Mar­ Med­ Length Width L/W 
Accession shape ture form ation inal Basal ginal ial Shane fmm) (mm> ratio 
911a blunt thin winged uniform + + + + ovate 5.0 4.0 1.25 
918b acute thin winged tipped + + + - obovate 5.1 2.9 1.76 
918c acute thin winged tipped + + + + ovate 5.1 3.5 1.46 
920c blunt thin winged uniform + - + - ovate 5.7 2.5 2.28 
923 acute thin winged uniform + + + + ovate 5.7 2.5 2.28 
924d acute cori. unwinged uniform + + + - ovate 5.6 3.4 1.65 
927a acute thin winged uniform + + + + ovate 5.6 3.2 1.75 
930 blunt thin winged spotted + + + + ovate 5.6 2.1 2.67 
982 acute thin winged spotted + + + - ovate 7.0 2.1 3.33 
U756 acute thin unwinged uniform + + + + ovate 4.1 1.4 2.93 
U3Slla acute thin unwinged uniform + + + • + ovate 5.6 2.2 2.55 
U3600 acute thin toothed uniform + + + + ovate 5.8 1.2 4.83 
U10579 acute thin unwinged uniform + + + + ovate 4.9 1.9 2.21 
Table Al. (continued) 
Glume 1 Characters: Cluster 7: 
Trichome placement 
Tip Tex­ Tip Color­ Term­ Mar­ Med­ Length Width L/W 
Accession shaoe ture form ation inal Basal ginal ial Shaoe (mm) fmm) ratio 
882.1 acute thin winged uniform + + + • eUip-ovate S.l 2.4 2.13 
8861 acute thin unwinged uniform + - + - ovate 5.5 3.2 1.72 
8861 acute cori. toothed flushed - - - - ovate 5.0 2.4 2.08 
889-1250 acute cori. toothed uniform - - + - elliptic 5.1 2.7 1.89 
889a acute thin toothed uniform + - - - elliptic 6.1 3.8 1.61 
892 acute thin toothed spotted + - - - ovate 4.1 2.1 1.95 
893.1 acute thin toothed tipped + - + - ovate 5.9 3.0 1.97 
899 acute thin toothed tipped + - + - ovate 4.9 2.0 2.45 
901 acute thin toothed uniform + - + - ovate 4.2 1.6 2.63 
907f acute thin toothed uniform - - - - ovate 4.1 1.2 3.42 
919d acute thin unwinged tipped + + + + ovate 5.7 3.8 1.50 
919e acute thin toothed flushed + - + - ovate 4.8 1.3 3.69 
927b acute thin winged tipped + + + - ovate 5.5 3.2 1.72 
930.1 acute thin toothed flushed + + + + ovate 5.6 2.2 2.55 
932c acute thin toothed uniform + + + - ellip-ovate 5.2 3.3 1.58 
949-1222 acute cori. toothed tipped - - - - ovate 5.1 1.7 3.00 
961 acute thin toothed tipped - - + - ovate 5.4 2.2 2.45 
983 acute cori. winged flushed + - + - ovate 4.8 2.3 2.09 
984.2 acute thin winged tipped - + + - ovate 5.1 3.3 1.55 
988.1 acute cori. unwinged tipped + + + + ovate 5.5 3.6 1.53 
U522 acute thin toothed flushed + + + + ovate 4.7 1.9 2.47 
U1600 acute thin toothed uniform + + + - ovate 5.4 2.6 2.08 
U36272 acute thin toothed flushed + + + - ovate 5.2 2.0 2.60 
Table Al. (continued) 
Glume 2 Characters: Cluster 1: 
Trichome placement 
Tip Tex­ Tip Color­ Term­ Mar­ Med­ Length Width L/W 
Accession shaœ ture form ation inal Basal ginal ial Shaoe fmm) fmm) ratio 
886b blunt cori. curved spotted + + ellip-ovate 5.0 3.8 1.32 
886c blunt con. curved uniform + + + + ovate 4.6 3.6 1.28 
886d blunt cori. curved spotted + - + - ovate 4.4 3.4 1.29 
886k acute cori. carinate spotted - - + - elliptic 4.4 3.5 1.26 
889b blunt cori. curved veined + - - ovate 3.8 3.8 1.00 
890.3 blunt cori. curved uniform - - + - ovate 4.9 3.8 1.29 
890.5 blunt cori. curved spotted - - + - ovate 4.5 3.2 1.41 
907b blunt cori. curved spotted + + + + ovate 4.2 3.0 1.40 
91 Ih blunt cori. carinate uniform - - + obovate 4.6 3.5 1.31 
919f acute cori. carinate spotted + - + - ovate 5.1 32 1.59 
921b blunt cori. carinate uniform + - + - ovate 4.6 3.1 1.48 
922b acute cori. carinate spotted + - + - obovate 5.0 3.3 1.52 
924a acute thin carinate spotted + + + - ovate 4.2 3.1 1.35 
924e acute thin carinate spotted + + + - obovate 4.2 2.8 1.50 
924f acute thin carinate spotted + - + - ovate 3.8 3.2 1.19 
931.1 acute thin carinate tipped + + ovate 5.3 2.8 1.89 
932a acute thin carinate spotted + + + + obovate 5.2 2,9 1.79 
932b blunt cori. carinate flushed + - + - ovate 3.0 4.1 0.73 
955-1219 blunt cori. carinate uniform - - + - ovate 4.9 3.4 1.44 
971d acute cori. carinate tipped + - + - ovate 4.2 3.5 1.20 
972.1 blunt cori. carinate spotted + - + - ovate 4.4 3.0 1.47 
974.1 acute cori. carinate tipped + + + - ovate 5.0 3.0 1.67 
977.2 acute cori. carinate spotted + - + - ovate 5.0 3.0 1.67 
981-1056a acute thin carinate spotted + - + - ovate 4.0 3.1 1.29 
988-1019 acute thin carinate spotted + + + - ovate 5.2 3.6 1.44 
U11755 blunt thin curved uniform + + + + ovate 4.6 3.4 1.35 
Table Al. (continued) 
Glume 2 Characters: Cluster 2: 
Trichome placement: 
Tip Tex­ Tip Color­ Term­ Mar­ Med­ Length Width L/W 
Accession shaoe ture form ation inal Basal ginal ial Shane fmm) fmm) ratio 
907a blunt cori. carinate uniform + + ovate 4.6 4.1 1.12 
907c acute cori. carinate uniform + - + - ovate 4.5 2.8 1.61 
911b acute cori. carinate uniform + - + - ovate 4.0 3.0 1.33 
911c acute thin carinate uniform + + + + obovate 4.4 3.9 1.13 
91 Id acute cori. carinate uniform + - + - obovate 4.4 3.0 1.47 
924c acute cori. carinate uniform + + + - obovate 4.5 3.7 1.22 
931c acute thin carinate uniform + - + - obovate 4.1 2.6 1.58 
971a acute thin carinate uniform + - + - ovate 5.3 3.6 1.47 
977.1 acute cori. curved uniform + - + - ovate 3.8 3.2 1.19 
981-1056 acute thin carinate uniform + + + - ovate 4.3 2.2 1.95 
988-1018 acute cori. carinate uniform + + + obovate 5.0 3.5 1.43 
989.1 acute thin carinate uniform + - + - ovate 5.4 3.8 1.42 
SA-281 acute cori. carinate uniform + + + + ovate 3.2 2.8 1.14 
U17383 acute cori. carinate uniform + - + - ovate 5.0 2.8 1.79 
Table Al. (continued) 
Glume 2 Characters: Cluster 3: 
Tip Tex­ Tip Color­ Term­ Mar­ Med­ Length Width L/W 
Accession shaoe ture form ation inal Basal ginal ial Shane imtnîï fmm) ratio 
886j acute thin curved spotted + + obovate 5.6 3.7 1.51 
907g acute cori. carinate spotted - - + - ovate 5.2 3.0 1.73 
926a acute thin carinate spotted + - + - elliptic 4.5 2.5 1.80 
926b acute thin carinate spotted + + + - obovate 5.2 2.4 2.17 
926c acute thin carinate spotted + - + - obovate 5.3 2.6 2.04 
926d acute cori. carinate spotted + - + - elliptic 5.6 3.0 1.87 
958-1063 acute cori. carinate spotted + - + - ovate 4.6 2.2 2.09 
970-1039 acute cori. carinate spotted + + - - ovate 6.0 2.8 2.14 
975.1 acute thin curved spotted + + + + ovate 5.5 3.2 1.72 
975.2 acute thin carinate tipped + - + - ovate 5.7 3.6 1.58 
984.1 acute thin carinate spotted + - + ovate 5.7 2.9 1.97 
U311 acute cori. carinate spotted - - + - ovate 6.2 2.7 2.30 
U3511b acute thin carinate spotted + - + - ovate 6.0 2.0 3.00 
Table Al. (continued) 
Glume 2 Characters: Cluster 4: 
Tip Tex­ Tip Color­ Term­ Mar­ Med­ Length Width L/W 
Accession Shane ture form ation inal Basal ginal ial Shane fmm) (mm) ratio 
886a acute thin carinate uniform + + obovate 4.1 32 1.28 
886e acute thin carinate uniform + - + - obovate 4.8 3.0 1.60 
886f acute cori. carinate uniform + + + + ovate 5.2 2.8 1.86 
886g blunt cori. curved uniform + - + - obovate 4.2 2.7 1.56 
889-1244 acute cori. carinate uniform + - + - elliptic 4.3 3.6 1.19 
91 le acute thin carinate uniform + - + - obovate 4.8 3.2 1.50 
911f acute cori. carinate uniform - + + - ovate 4.4 1.7 2.59 
911g acute cori. carinate uniform + - + - ovate 4.7 3.1 1.52 
919a acute cori. carinate uniform + - + - obovate 4.7 2.9 1.62 
919b acute cori. carinate uniform + - + - obovate 4.6 2.7 1.70 
919c acute cori. carinate uniform + - + - obovate 4.8 2.7 1.78 
920a acute cori. carinate uniform + - + - obovate 5.6 3.0 1.87 
920b acute cori. carinate tipped + - - - obovate 5.3 3.0 1.77 
921a acute cori. carinate uniform + - + - obovate 5.1 3.1 1.65 
921d acute cori. carinate uniform + - + - obovate 5.1 3.2 1.59 
921e acute cori. carinate uniform + + - - ellip-ovate 3.9 3.2 1.22 
921f acute cori. carinate uniform + - + - obovate 5.5 3.2 1.72 
922a acute thin carinate tipped + - + - obovate 5.5 2.8 1.96 
924b acute cori. carinate uniform + - + - obovate 4.8 3.2 1.50 
926e acute thin carinate uniform + - + - ovate 4.3 2.8 1-54 
926f acute cori. carinate uniform + - + - elliptic 5.9 3.0 1.97 
931b acute cori. carinate uniform + - + - ellip-obov 5.2 3.0 1-73 
U1549 acute thin carinate uniform + - + - obovate 4.8 2.2 2.18 
U18863 blunt thin carinate uniform + - + - obovate 5.1 2.6 1.96 
Table Al. (continued) 
Glume 2 Characters: Cluster 5: 
Trichome placement: 
Tip Tex­ Tip Color­ Term­ Mar­ Med­ Length Width L/W 
Accession shaoe ture form ation inal Basal ginal ial Shaoe fmm) (rnm^ ratio 
863 acute thin curved uniform + ellip-ovate 5.0 2.6 1.92 
867b-i231 — — — uniform + + + - ovate 5.6 3.0 1.87 
869 acute cori. carinate uniform + - - - ovate 6.0 22 2.73 
886h acute thin carinate uniform + - + - obovate 6.0 3.7 1.62 
890.1 acute cori. carinate uniform + - + - ovate 5.5 3.5 1.57 
890.2 acute cori. carinate. uniform + - - - elliptic 5.3 3.6 1.47 
907e acute thin carinate uniform + + + + elliptic 5.5 3.2 1.72 
907h acute cori. carinate uniform + + + + ovate 5.4 3.5 1.54 
918a acute thin carinate tipped + - + - obovate 4.7 2,3 2.04 
927c acute thin carinate uniform + - - - ovate 4.9 2.9 1.69 
927d acute thin carinate uniform + + - - ovate 5.7 2.6 2.19 
953e acute thin carinate tipped + + + - ovate 5.6 2.7 2.07 
953f acute cori. carinate uniform + - + - ovate 5.4 3.2 1.69 
954-1021 blunt cori. carinate tipped + - - - obovate 5.2 3.4 1.53 
960-1064 acute cori. carinate uniform + - + - ovate 6.3 3.3 1.91 
U11750 acute cori. carinate uniform + + - - ovate 5.6 3.0 1.87 
Table Al. (continued) 
Glume 2 Characters: Cluster 6: 
Triçhgmg Plawmgfft; 
Tip Tex­ Tip Color­ Term­ Mar­ Med­ Length Width L/W 
Accession shaoe ture form ation inal Basal ginal ial Shane fmm) ratio 
911a acute cori. carinate uniform + + + + ovate 4.9 3.5 1.40 
918b acute thin carinate tipped + + + - obovate 5.1 2.4 2.13 
918c acute thin carinate uniform + - + - elliptic 4.9 3.1 1.58 
920c acute cori. carinate uniform + - + - obovate 5.7 2.3 2.48 
923 acute cori. carinate uniform + + + + ovate — 2.1 — 
924d acute cori. carinate uniform + - - - ovate 5.6 3.2 1.75 
927a acute cori. carinate uniform + - + - ovate 5.7 2.9 1.97 
930 acute thin carinate uniform + + + + ovate 5.8 1.9 3.05 
982 acute cori. carinate spotted + + + + ovate 6.8 2.0 3.40 
U756 acute cori. carinate uniform + + + + ovate 3.8 0.9 4.22 
U3511a acute cori. carinate uniform + + + + ovate 5.5 1.4 3.93 
U3600 acute thin carinate uniform - + + + ovate 5.2 1.0 5.20 
U10579 acute thin carinate uniform + + - - ovate 4.2 1.4 3.00 
Table Al. (continued) 
Glume 2 Characters: Cluster 7: 
Trichome Placement 
Tip Tex­ Tip Color­ Term­ Mar­ Med­ Length Width L/W 
Accession shape ture form ation inal Basal ginal ial Shape fmm) fmm) ratio 
882.1 acute cori. carinate uniform + ovate 5.2 2.2 2.36 
886i acute cori. carinate uniform + + + - ovate 5.9 3.0 1.97 
8861 acute cori. carinate uniform + - + - ovate 5.2 1.7 3.06 
889-1250 acute cori. carinate uniform + - + - ovate 5.3 2.0 2.65 
889a acute cori. carinate uniform + - - - elliptic 6.2 42 1.48 
892 acute cori. carinate tipped + - + - ovate 4.6 1.9 2.42 
893.1 acute thin carinate tipped + - + - ovate 5.7 2.6 2.19 
899 acute thin carinate tipped + - + - ovate 5.0 1.7 2.94 
901 acute cori. carinate flushed + - + - ovate 4.8 1.0 4.80 
907f acute cori. carinate uniform - - - - ovate 4.0 1.3 3.08 
919d acute thin carinate uniform + - + - ovate 5.8 3.1 1.87 
919e acute thin carinate uniform + - + - ovate 4.8 1.3 3.69 
927b acute thin carinate tipped + - + - ovate 5.8 2.8 2.07 
930.1 acute thin carinate flushed + - + - ovate 5.6 1.8 3.11 
932c acute cori. carinate uniform + - + - ovate 5.1 3.0 1.70 
949-1222 acute thin carinate tipped + + + + ovate 4.3 1.3 3.31 
961 acute thin carinate uniform + + + - ovate 6.1 1.6 3.81 
983 acute cori. carinate flushed + - + - ovate 4.9 1.4 3.50 
984.2 acute thin carinate tipped - - + - ovate 5.3 3.0 1.77 
988.1 acute thin carinate tipped + + + + ovate 5.2 3.3 1.58 
U522 acute thin carinate uniform + - + - ovate 4.6 1.5 3.07 
U1600 acute thin carinate uniform + - + - ovate 5.0 1.8 2.78 
U36272 acute cori. carinate uniform + - + - ovate 5.2 1.9 2.74 
Table Al. (continued) 
Awn Characters: Cluster 1: 
Basal 
Accession Presence Shane length 
886b awnless 
886c awned bent 4.5 
886d awnless — — 
886k awnless — — 
889b awnless — — 
890.3 awnless 
890.5 awnless 
907b awnless 
91Ih awnless 
919f awnless 
921b awnless 
922b awnless 
924a awnless 
924e awned bent 3.2 
924f awnless — — 
931.1 awned bent 8.8 
932a awnless — — 
932b awnless — — 
955-1219 awnless — — 
97 Id awnless — — 
972.1 awnless — — 
974.1 awnless — — 
977.2 awned bent 4.5 
981-1056a awnless — — 
988-1019 awnless — — 
U11755 awnless — — 
Tip Base/Tip 
Js&sûi caslfi fCTigtgnçg 
4.0 0.89 deciduous 
2.7 0.84 deciduous 
4.2 0.48 persistent 
4,2 0.93 persistent 
Table Al. (continued) 
Awn Chancten: Cluster 2: 
Accession Presence 
907a awnless 
907c awnless 
911b awnless 
911c awnless 
911d awned 
924c awnless 
931c awnless 
971a awnless 
977.1 awned 
981-1056 awnless 
988-1018 awnless 
989.1 awnless 
SA-281 awnless 
U17383 awnless 
Basal 
Shape length 
 ^ bent 2.6 
bent 3.3 
Tip Base/Tip 
Jsastll Qlifi PgffBtgBÇg 
3.5 1.35 persistent 
3.3 1.00 persistent 
Table Al. (continued) 
Awn Characters: Cluster 3: 
Basal 
Accession Presence Shaoe length 
886j awnless 
907g awnless — — 
926a awnless — — 
926b awnless — 
926c awnless — 
926d awnless — 
958-1063 awnless — 
970-1039 awnless — 
975.1 awnless — 
975.2 awnless — 
984.1 awned bent 6.3 
U311 awnless — 
U3511b awned bent 6.7 
Tip Base/Tip 
tength Qtifi PffnfetfflÇg 
4.9 0.78 persistent 
7.7 1.15 persistent 
Table Al. (continued) 
Awn Characters: Cluster 4: 
Basal 
Accession Presence Shane lent 
886a awnless 
886e awnless — 
886f awnless — 
886g awnless — 
889-1244 awnless — 
91 le awned bent 5.0 
91 If awnless — — 
91 Ig awned curved 4.2 
919a awned bent 5.5 
919b awned bent 5.0 
919c awned bent 7.2 
920a awned bent 7.1 
920b awned bent 6.5 
921a awnless — — 
921d awned curved 2.2 
921e awned bent 4.2 
921f awned — — 
922a awned bent 8.7 
924b awned bent 6.5 
926e awnless — 
926f awnless — 
931b awned bent 6.5 
U1549 awned bent 3.8 
U18863 awned bent 4.3 
Tip Base/Tip 
JSBStil OllQ 
4.6 0.92 deciduous 
— 0.00 persistent 
2.8 0.S1 persistent 
2.8 0.56 penistent 
3.5 0.49 penistent 
4.9 0.69 deciduous 
4.3 0.66 deciduous 
1.8 0.82 deciduous 
4.5 1.07 deciduous 
— — deciduous 
5.2 0.60 deciduous 
3.9 0.60 deciduous 
3.0 0.46 persistent 
3.7 0.97 deciduous 
3.0 0.70 deciduous 
Table Al. (continued) 
Awn Characters: Cluster 5: 
Accession Presence Shaoe 
Basal 
length 
863 awned bent 4.0 
867b-1231 awnless — — 
869 awned bent 7.6 
886h awnless — 
890.1 awned — 
890.2 awned bent 3.8 
907e awnless — — 
907h awnless — — 
918a awned bent 2.8 
927c awned bent 5.2 
927d awned bent 6.3 
953e awned bent 5.3 
953f awned bent 7.4 
954-1021 awned bent 5.6 
960-1064 awnless — 
U11750 awnless — 
Tip Base/Tip 
tenath oUc PfflîrtfflÇg 
4.6 1.15 persistent 
5.8 0.76 deciduous 
— — deciduous 
2.5 0.66 deciduous 
2.1 0.75 deciduous 
3.5 0.67 deciduous 
4.2 0.67 deciduous 
4.1 0.77 deciduous 
5.1 0.69 deciduous 
4.2 0.75 persistent 
Table Al. (continued) 
Awn Characters: Cluster 6: 
Accession Presence Shane 
Basal 
length 
911a awned bent 6.5 
918b awned straight 6.7 
918c awned straight 3.3 
920c awned bent 7.0 
923 awned straight 5.6 
924d awned straight 6.0 
927a awned bent 6.4 
930 awned straight 1.6 
982 awned straight 8.2 
U756 awnless — — 
U3511a awned bent 6.6 
U3600 awned bent 9.5 
U10579 awned bent 5.2 
Tip Base/Tip 
JsBsû! olio 
4.6 0.71 deciduous 
3.5 0.52 persistent 
— 0.00 deciduous 
5.7 0.81 deciduous 
5.5 0.98 d-l 
4.1 0.68 deciduous 
4.1 0.64 deciduous 
4.6 0.43 persistent 
4.8 0.59 deciduous 
6.5 0.98 deciduous 
6.6 0.69 deciduous 
6.2 1.19 persistent 
Table Al. (continued) 
Awn Characters: Cluster 7: 
Accession Presence Shane 
Basal 
length 
882.1 awned bent 7.2 
886i awnless — 
8861 awnless 
889-1250 awnless 
889a awnless 
892 awnless 
893.1 awned — 
899 awned bent 7.7 
901 awnless — — 
907f awnless — — 
919d awnless — — 
919e awned bent 8.3 
927b awned bent 6.6 
930.1 awned bent 9.5 
932c awned bent 5.1 
949-1222 awnless — — 
961 awned bent 7.3 
983 awned straight 7.2 
984.2 awned bent 3.6 
988.1 awned — — 
U522 awnless — — 
U1600 awnless — — 
U36272 awned bent 7.2 
Tip Base/Tip 
tength ratio Persistence 
8.2 1.14 deciduous 
— — deciduous 
6.0 0.78 deciduous 
8.2 0.99 deciduous 
4.3 0.65 deciduous 
6.2 0.65 persistent 
4.2 0.82 persistent 
4.2 0.58 deciduous 
3.2 0.44 deciduous 
3.3 0.92 persistent 
— — deciduous 
5.7 0.79 persistent 
Table Al. (continued) 
Pedicellate Floret and Caryopsis Characters: Cluster 1: 
Pedicellate Florets CarvoDsis 
Ave. Pedicel Pedicel 
Accession Disarticulation Length Number Length L/W ratio Shane Color 
886b persistent 2.0 1 SO 2.50 obovate orange 
886c persistent 6.0 1 36 2.57 elliptic-obovate orange 
886d persistent 9.0 1 40 3.64 ell^tic-obovate orange 
886k callus 4.0 1 44 1.76 obovate white 
889b persistent 3.0 1 33 2.20 obovate orange 
890.3 persistent 9.0 1 43 2.87 obovate orange 
890.5 pedicel 6.0 1 37 2.47 elliptic-obovate orange 
907b callus 6.0 1 38 3.45 obovate orange 
91 Ih callus 15.0 39 3.25 ovate orange 
919f callus 3.0 1 45 2.50 obovate yellow 
921b persistent 6.0 1 42 3.82 obovate orange 
922b persistent 3.0 1 38 2.92 obovate yellow 
924a persistent 6.0 1 32 2.67 ovate orange 
924e persistent 4.0 1 30 2.00 obovate buff 
924f persistent 4.0 1 40 3.33 obovate orange 
931.1 callus 14.0 1 56 3.29 obovate yellow 
932a callus 14.0 1 50 3.85 obovate buff 
932b . pedicel 6.0 1 37 2.47 obovate orange 
955-1219 persistent 6.0 1 43 2.87 obovate orange 
97 Id persistent 7.0 1 46 3.83 ovate orange 
972.1 persistent 10.0 1 47 2.47 elliptic-obovate yellow 
974.1 persistent 4.0 1 47 2.94 obovate yellow 
977.2 persistent 9.0 1 45 3.46 obovate orange 
981-1056a persistent 8.0 1 37 4.11 ovate orange 
988-1019 persistent 9.0 1 46 3.83 obovate white 
U11755 persistent 10.0 1 53 4.82 obovate orange 
Table Al. (continued) 
Pedicellate Floret and Caryopsis Characters: Cluster 2: 
Pedicellate Florets CarvoDsis 
Ave. Pedicel Pedicel 
Accession Disarticulation Length Number Length L/W ratio Shaoe Color 
907a persistent 7.0 1 46 3.83 obovate buff 
907c persistent 3.0 1 40 2.50 obovate orange 
911b callus 15.0 1 36 4.00 obovate orange 
911c persistent 9.0 1 45 2.65 obovate orange 
91 Id persistent 9.0 1 31 4.43 obovate yellow 
924c callus 4.0 1 41 2.73 elliptic-obovate orange 
931c persistent 2.0 1 40 2.86 obovate orange 
971a callus 25.0 58 5.80 obovate white 
977.1 persistent 9.0 1 42 5.25 obovate white 
981-1056 persistent 12.0 1 40 3.33 obovate orange 
988-1018 callus 13.0 1 36 3.60 obovate orange 
989.1 persistent 14.0 1 32 2.91 obovate yellow 
SA-281 callus 14.0 1 20 3.33 obovate white 
U17383 callus 12.0 1 42 3.82 obovate buff 
Table Al. (continued) 
Pedicellate Floret aod Caryopsis Characters: Cluster 3: 
Pedicellate Florets Carvoosis 
Ave. Pedicel Pedicel 
Accession Disarticulation Length Number Length L/W ratio Shane Color 
886j callus 16.5 2 56 2.80 ovate orange 
907g callus 11.0 2 — — elliptic orange 
926a persistent 15.0 1 35 3.18 obovate orange 
926b callus 24.0 1 52 4.33 obovate orange 
926c callus 22.0 1 34 5.67 obovate orange 
926d callus 24.0 1 59 3.93 obovate orange 
958-1063 callus 16.5 2 41 3.73 ovate orange 
970-1039 callus 20.5 2 57 5.18 obovate orange 
975.1 callus 20.0 2 50 5.00 obovate buff 
975.2 callus 20.5 2 55 7.86 ovate orange 
984.1 callus 22.0 1 38 5.43 obovate orange 
U311 persistent 12.0 1 57 5.70 obovate orange 
U351Ib — — — — — — 
Table Al. (continued) 
Pedicellate Floret and Caryopsis Characters: Cluster 4: 
Pedicellate Florets CarvoDsis 
Ave. Pedicel Pedicel 
Accession Disarticulation Length Number Length L/W ratio Shane Color 
886a callus 18.5 2 elliptic red 
886e callus 21.5 2 47 3.92 ovate orange 
886f callus 17.0 2 56 4.67 obovate orange 
886g callus 11.5 2 35 3.18 ovate buff 
889-1244 persistent 10.0 1 48 3.00 elliptic-obovate orange 
91 le callus 12.0 1 52 4.73 obovate orange 
91 If callus 21.0 2 45 3.46 elliptic-ovate orange 
911g callus 13.5 2 45 4.09 obovate buff 
919a callus 15.0 2 35 3.18 obovate orange 
919b callus 22.0 2 45 3.75 obovate buff 
919c callus 19.0 2 38 2.92 obovate orange 
920a persistent 7.0 1 48 4.80 obovate buff 
920b persistent 10.0 1 38 3.17 obovate buff 
921a callus 15.0 2 46 3.83 obovate buff 
921d callus 20.0 2 55 3.93 obovate buff 
921e callus 21.5 2 40 4.00 ovate orange 
921f callus 20.5 2 42 3.50 obovate buff 
922a callus 25.0 2 55 5.00 obovate buff 
924b persistent 8.0 1 46 3.07 obovate orange 
926e callus 27.0 2 40 5.00 ovate orange 
926f callus 22.5 2 50 6.25 obovate orange 
931b callus 11.0 1 53 4.42 obovate buff 
U1549 callus 10.0 1 23 2.30 obovate orange 
U18863 pedicel 8.0 1 37 4.63 obovate orange 
Table Al. (continued) 
Pedicellate Floret and Caryopsis Characters: Cluster 5: 
Pedicellate Florets CarvoDsis 
Ave. Pedicel Pedicel 
Accession Disarticulation Length Number Length L/W ratio Shane Color 
863 persistent 8.0 1 36 3.27 obovate buff 
867b-1231 callus 12.0 1 56 4.00 obovate buff 
869 pedicel 22.0 1 70 5.38 elliptic orange 
886h pedicel 12.0 1 41 3.73 elliptic-ovate orange 
890.1 persistent 16.0 1 63 4.50 elliptic-obovate buff 
890.2 pedicel 17.0 1 58 4.14 ovate buff 
907e pedicel 16.0 1 62 4.13 obovate orange 
907h pedicel 20.5 60 5.00 obovate buff 
918a pedicel 10.0 1 31 4.43 obovate orange 
927c pedicel 14.0 1 47 5.22 obovate orange 
927d pedicel 8.0 1 48 4.80 obovate orange 
953e pedicel 11.0 1 55 5.00 . obovate orange 
953f pedicel 13.0 1 50 4.17 obovate buff 
954-1021 pedicel 9.0 1 52 4.33 ovate buff 
960-1064 callus 15.0 1 51 6.38 elliptic-obovate orange 
U11750 persistent 13.0 1 52 5.20 obovate buff 
Table Al. (continued) 
Pedicellate Floret and Caryopsls Characters: Cluster 6: 
FlPfgt? CarvoDsis 
Ave. Pedicel Pedicel 
Accession Disarticulation Length Number Length L/W ratio Shaoe Color 
911a callus 11.5 2 46 3.83 obovate orange 
918b persistent 11.0 1 34 3.09 obovate orange 
918c persistent 11.0 1 52 3.25 obovate orange 
920c persistent 12.0 1 55 3.67 obovate buff 
923 callus 23.5 64 4.27 obovate orange 
924d persistent 14.0 1 55 3.93 elliptic-obovate orange 
927a persistent 12.0 1 48 4.00 obovate orange 
930 callus 25.0 1 57 4.38 — 
982 callus 39.0 65 5.00 elliptic-obovate buff 
U756 — 23.0 1 40 4.00 — 
U3Slla persistent 32.0 1 61 5.08 — 
U3600 — 29.0 1 53 4.42 — 
U10579 persistent 21.0 1 44 3.38 — 
Table Al. (continued) 
Pedicellate Floret and Caryopsis Characters: Cluster 7: 
Pedicellate Florets CarvoDsis 
Ave. Pedicel Pedicel 
Accession Disarticulation Length Number Length L/W ratio Shaoe Color 
882.1 callus 27.0 2 51 4.25 obovate orange 
886i pedicel 19.0 1 59 4.92 ovate buff 
8861 callus 25.5 2 56 3.73 — 
889-1250 callus 32.0 2 — — — — 
889a callus 20.0 1 38 3.45 obovate buff 
892 callus 28.0 2 45 3.75 obovate orange 
893.1 callus 24.0 1 37 3.08 obovate orange 
899 callus 21.5 2 50 4.17 obovate orange 
901 callus 21.5 2 46 4.18 — — 
907f callus 14.0 2 44 4.40 ovate orange 
919d callus 15.5 2 43 3.91 obovate buff 
919e callus 23.0 2 54 4.91 — — 
927b persistent 14.0 1 48 3.43 obovate orange 
930.1 callus 26.0 2 61 4.69 — — 
932c callus 22.0 2 — — elliptic-obovate orange 
949-1222 callus 23.5 2 53 3.79 obovate buff 
961 callus 39.5 2 52 3.71 — 
983 callus 11.0 1 42 4.67 
984.2 callus 9.0 1 — — obovate orange 
988.1 callus 28.5 2 46 3.83 obovate orange 
U522 persistent 24.5 2 52 4.33 — — 
U1600 callus 24.5 2 54 3.60 — — 
U36272 callus 28.5 2 56 4.31 obovate orange 
Table Al. (continued) 
Caryopsis Characters: Cluster 1: 
Coverage Average 
Accession bv Glumes Length 
886b half 5.10 
886c half 4.50 
886d three-fourths 4.80 
886k three-fourths 4.67 
889b half 4.40 
890.3 half 5.57 
890.5 three-fourths 4.80 
907b half 5.20 
91 Ih half 4.73 
919f entire 3.63 
921b half 4.17 
922b entire — 
924a half 3.47 
924e three-fourths 4.43 
924f half 4.00 
931.1 entire 2.97 
932a three-fourths 4.17 
932b half 4.07 
955-1219 three-fourths 4.27 
971d half 4.87 
972.1 entire 3.67 
974.1 entire 3.77 
977.2 half 4.43 
981-10S6a half 4.20 
988-1019 three-fourths 4.40 
U11755 half 4.77 
L/W Embryo Embryo Vertic 
ratio Ave. Length Shaoe Lines 
1.26 0.23 obovate + 
1.05 0.23 obovate + 
1.13 0.23 obovate -
1.20 0.25 obovate + 
0.99 0.25 elliptic -
1.20 0.26 obovate -
1.13 0.25 elliptic-obovate -
1.24 0.25 elliptic-ovate + 
1.31 0.25 obovate + 
1.27 0.21 obovate -
1.21 0.26 elliptic-obovate + 
1.08 0.26 obovate + 
1.28 0.24 obovate + 
1.09 0.25 obovate -
1.24 0.23 obovate + 
1.33 0.25 obovate + 
1.15 0.25 elliptic-obovate + 
1.14 0.24 obovate + 
1.12 0.25 obovate + 
1.29 0.24 obovate + 
1.53 0.19 obovate -
1.22 0.22 obovate + 
0.94 0.26 obovate -
1.38 0.23 elliptic-obovate + 
1.04 0.25 elliptic + 
Table Al. (continued) 
Caryopsis Characters: Cluster 2: 
Coverage Average L/W 
Accession bv Glumes Length ratio 
907a three-fourths 5.03 1.21 
907c half 4.70 1.23 
911b three-fourths 4.27 1.31 
911c half 5.07 1.11 
91 Id half 4.13 1.38 
924c entire 3.83 1.15 
931c half 4.37 1.25 
971a half 5.03 1.29 
977.1 three-fourths 3.90 1.19 
981-1056 half 4.57 1.05 
988-1018 three-fourths 4.60 1.31 
989.1 half 4.40 1.09 
SA-281 half 4.07 1.12 
U17383 entire 4.03 1.44 
Embryo Embryo 
SlWPg 
Vertical 
0.24 elliptic-obovate + 
0.22 obovate 
0.24 obovate + 
0.23 elliptic-obovate + 
0.24 obovate + 
0.26 obovate + 
0.25 elliptic-obovate + 
0.25 obovate 
0.24 obovate + 
0.24 obovate +  ^
0.22 elliptic + 
0.26 elliptic-obovate + 
0.28 elliptic + 
0.25 obovate + 
Table Al. (continued) 
Caryopsis Characters: Cluster 3: 
Coverage Average L/W 
Accession bv Glumes Length ratio 
886j three-fourths 4.20 1.24 
907g entire 3.90 1.43 
926a entire 3.30 1.48 
926b entire 3.87 1.63 
926c entire 3.03 1.34 
926d entire 3.53 1.23 
958-1063 entire 2.43 1.22 
970-1039 entire 4.13 1.44 
975.1 three-fourths 4.00 1.30 
975.2 entire 4.00 1.22 
984.1 entire 3.23 1.56 
U311 entire 3.53 1.38 
U351Ib — — 
Embryo 
Ave. Length 
Embryo 
ShUM 
Vertical 
Lines 
0.19 obovate + 
0.24 obovate -
0.17 elliptic + 
0.19 obovate -
0.15 obovate + 
0.20 obovate + 
0.23 obovate -
0.22 obovate -
0.24 elliptic-obovate + 
0.34 obovate + 
0.17 obovate + 
0.22 obovate + 
Table Al. (continued) 
Caryopsis Characters: Cluster 4: 
Coverage Average 
Accession bv Glumes Length 
886a three-fourths 4.13 
886e entire 3.47 
886f entire 4.07 
886g three-fourths 3.63 
889-1244 three-fourths 4.37 
91 le three-fourths 3.80 
911f entire 2.97 
911g three-fourths 4.33 
919a entire 3.73 
919b entire 3.47 
919c entire 3.70 
920a entire 3.83 
920b entire 4.00 
921a entire 3.80 
921d entire 3.97 
921e three-fourths 3.23 
921f entire 4.00 
922a entire 3.53 
924b three-fourths 4.43 
926e entire 3.53 
926f entire 4.17 
931b entire 3.50 
U1549 entire 3.47 
U18863 entire 4.17 
Embryo 
Avg, 
Embryo 
Shm 
Vertical 
Lines 
0.14 obovate + 
0.21 obovate + 
0.24 obovate + 
0.21 obovate + 
0.23 obovate -
0.24 obovate + 
0.21 elliptic-obovate -
0.23 obovate + 
0.20 obovate + 
0.21 obovate + 
0.21 obovate + 
0.19 obovate -
0.21 obovate -
0.22 obovate -
0.21 obovate + 
0.19 obovate + 
0.21 obovate -
0.21 obovate + 
0.24 obovate + 
0.24 elliptic + 
0.22 obovate + 
0.25 elliptic-obovate + 
0.22 obovate -
0,25 obovate + 
Table Al. (continued) 
Caryopsis Characters: Cluster 5: 
Coverage Average 
Accession bv Glumes Length 
863 entire 3.70 
867b-1231 entire 3.63 
869 entire 3.63 
886h three-fourths 4.70 
890.1 entire 5.17 
890.2 entire 5.07 
907e three-fourths 4.33 
907h entire 4.53 
918a entire 3.67 
927c entire 3.73 
927d entire 3.57 
953e entire 3.33 
953f entire 3.83 
954-1021 entire 4.57 
960-1064 three-fourths 4.47 
U11750 entire 4.13 
Embryo Embryo Vertical 
Avg. SiiaCS Lines 
0.21 obovate 
0.22 obovate 
0.21 obovate 
0.21 obovate + 
0.23 obovate + 
0.22 obovate + 
0.24 obovate + 
0.23 obovate + 
0.21 obovate + 
0.18 obovate + 
0.24 obovate + 
0.24 obovate + 
0.20 obovate + 
0.21 obovate + 
0.27 elliptic-obovate 
0.22 obovate + 
Table Al. (continued) 
Caryopsis Characters: Cluster 6: 
Coverage Average L/W 
Accession bv Glumes Length ratio 
911a three-fourths 4.37 1.27 
918b entire 3.33 1.67 
918c entire 3.43 1.54 
920c three-fourths 3.93 1.59 
923 entire 3.57 1.70 
924d entire 4.60 1.39 
927a entire 3.47 1.30 
930 — — — 
982 entire 3.60 2.70 
U756 — — — 
U3511a — — — 
U3600 — — — 
U10579 — — — 
Embryo Embryo Vertical 
Ave. Length Shane LWW 
0.25 elliptic + 
0.21 obovate 
0.22 obovate + 
0.23 obovate 
0.22 obovate 
0.24 elliptic + 
0.24 obovate + 
0.18 obovate 
Table Ai. (continued) 
Caryopsis Characters: Cluster 7: 
Coverage Average L/W Embi 
Accession bv Glumes Length ratio Ave. 
882.1 entire 3.30 1.50 0.22 
886i entire 4.77 1.61 0.21 
8861 — — — — 
889-1250 — — — — 
889a entire 4.57 1.27 0.23 
892 entire 2.67 2.16 0.21 
893.1 entire 3.60 1.59 0.23 
899 entire 2.47 1.64 0.22 
901 — — — — 
907f entire 2.30 1.64 0.23 
919d three-fourths 4.47 1.41 0.22 
919e — — — 
927b entire 3.67 1.49 0.2a 
930.1 — — — — 
932c entire 4.07 1.42 0.22 
949-1222 entire 3.00 2.00 0.17 
961 — — — — 
983 — — — — 
984.2 entire 3.47 1.39 0.21 
988.1 three-fourths 4.07 1.26 0.20 
U522 — — — — 
U1600 — — — — 
U36272 entire 3.23 1.76 0.19 
Embryo 
Shapff 
Vertical 
Lines 
obovate 
obovate 
obovate 
elliptic-obovate 
obovate 
obovate 
obovate 
obovate 
obovate 
obovate 
obovate 
obovate 
elliptic-obovate 
+ 
+ 
+ 
+ 
+ 
obovate 
Table Al. (continued) 
Rhizome and Leaf Characters: Cluster 1: 
Leaf Leaf Leaf 
Rhizome Midrib Margin Broken. 
886b absent white serrate no M 
886c absent tan serrate yes 1 
886d absent — — 
886k absent — — — 
889b absent white serrate yes 
890.3 absent — — — 
890.5 absent white serrate no 
907b absent — — — 
91 Ih — tan serrate no 
9I9f — tan serrate no 
921b absent white serrate yes 
922b absent — mod. serr. yes 
924a absent tan serrate no 
924e absent tan serrate no 
924f absent tan serrate no 
931.1 absent tan serrate no 
932a absent tan serrate no 
932b absent tan serrate no 
955-1219 absent — serrate no 
971d absent — — — 
972.1 absent — — — 
974.1 absent '— — — 
977.2 absent — serrate yes 
981-1056a absent — serrate yes 
988-1019 absent — — — 
U11755 — tan serrate yes 
Leaf Leaf Leaf Leaf 
Length ïïidib Shgftft Jvnfftprg 
63.5 6.3 pubescent pubescent 
50.0 7.5 pubescent pubescent 
67.5 7.4 glabrous pubescent 
35.2 3.8 glabrous pubescent 
43.0 7.1 pubescent pubescent 
38.5 5.1 glabrous pubescent 
— 4.3 glabrous pubescent 
60.4 7.2 glabrous pubescent 
60.2 5.1 glabrous pubescent 
34.3 3.9 glabrous pubescent 
49.9 5.8 pubescent pubescent 
32.1 5.0 glabrous pubescent 
37.5 5.8 glabrous pubescent 
38.9 5.1 glabrous pubescent 
40.5 4.2 glabrous pubescent 
38.0 4.9 
4.8 
glabrous 
pubescent 
pubescent 
pubescent 
5.2 glabrous pubescent 
Table Al. (continued) 
Rhizome and Leaf Characters: Cluster 2: 
Leaf Leaf Leaf 
Rhizome Midrib Margin Broken 
907a absent white serrate no 
907c absent — — — 
911b — tan serrate no 
911c — white serrate yes 
91 Id — — — — 
924c absent tan serrate yes 
931c absent tan serrate yes 
971a absent — — — 
977.1 absent — serrate no 
981-1056 absent tan serrate yes 
988-1018 absent — — — 
989.1 absent — serrate yes 
SA-281 absent — — — 
U17383 — tan serrate no 
Leaf Leaf Leaf 
LSQSHI Width 
Leaf 
37.8 5.9 glabrous pubescent 
36.2 5.8 glabrous pubescent 
37.5 6.5 glabrous pubescent 
38.5 5.9 glabrous pubescent 
— 4.4 glabrous pubescent 
51.4 5.9 glabrous pubescent 
— 4.9 glabrous pubescent 
30.0 3.2 pubescent pubescent 
16.2 2.0 glabrous pubescent 
Table Al. (continued) 
Rhizome and Leaf Characters: Cluster 3: 
Rhizome 
Leaf 
Midrib 
Leaf 
Margin 
Leaf 
Broken 
886j absent tan serrate yes 
907g absent — serrate yes 
926a absent tan serrate yes 
926b absent tan serrate no 
926c absent tan serrate no 
926d absent tan serrate no 
958-1063 absent — — — 
970-1039 absent — — — 
975.1 absent — — — 
975.2 absent — — — 
984.1 absent — — — 
U311 absent tan serrate no 
U3511b absent tan serrate no 
Leaf Leaf Leaf Leaf 
Length Width Sheath Juncture 
33.0 5.2 pubescent pubescent 
— 3.2 glabrous pubescent 
— 3.9 glabrous pubescent 
31.3 3.9 glabrous pubescent 
18.9 2.2 glabrous pubescent 
35.2 5.6 glabrous pubescent 
18.3 1.1 glabrous pubescent 
14.2 0.7 — pubescent 
Table Al. (continued) 
Rhizome mud Leaf Characters: Cluster 4: 
Leaf Leaf Leaf 
Rhizome Midrib Margin Broken 
886a absent white serrate yes 
886e absent white serrate yes 
886f absent — — — 
886g absent — — — 
889-1244 absent — — — 
91 le — — — — 
91lf — white serrate no 
911g — white serrate no 
919a — — serrate no 
919b — white — no 
919c — tan serrate yes 
920a absent tan serrate yes 
920b absent — serrate yes 
921a absent tan serrate yes 
921d absent white serrate yes 
921e absent tan serrate yes 
921 f absent white serrate yes 
922a absent white serrate yes 
924b absent tan serrate yes 
926e absent white serrate yes 
926f absent tan serrate no 
931b absent tan serrate yes 
U1549 absent tan serrate no 
U18863 absent — — — 
Leaf Leaf Leaf Leaf 
Length Width Sheath Juncture 
57.5 6.5 glabrous pubescent 
— 
2.2 glabrous pubescent 
35.0 2.3 glabrous pubescent 
22.3 3.1 glabrous pubescent 
39.4 4.9 glabrous pubescent 
29.2 2.0 glabrous pubescent 
— 2.0 glabrous pubescent 
— 4.1 glabrous pubescent 
— 4.1 glabrous pubescent 
— 3.7 glabrous pubescent 
— 3.8 pubescent pubescent 
— 3.2 glabrous pubescent 
— 4.1 glabrous pubescent 
36.2 5.4 glabrous pubescent 
54.1 6.0 glabrous pubescent 
— 3.4 glabrous pubescent 
33.5 5.3 glabrous pubescent 
— 6.2 glabrous pubescent 
48.3 4.5 glabrous pubescent 
Table Al. (continued) 
Rhizome and Leaf Characters: Cluster 5: 
Leaf Leaf 
Rhizome Midrib Margin 
863 absent white serrate 
867b-1231 absent white serrate 
869 — white. serrate 
886h absent — — 
890.1 absent — — 
890.2 absent — — 
907e absent white serrate 
907h absent — serrate 
918a absent white serrate 
927c absent tan serrate 
927d absent tan serrate 
953e absent — — 
953f absent — — 
954-1021 absent white serrate 
960-1064 absent — — 
U11750 — — serrate 
Leaf Leaf Leaf Leaf 
Length Width Sheath Juncture 
26.0 4.6 glabrous pubescent 
43.8 5.1 — — 
33.2 2.8 glabrous pubescent 
— 
3.6 glabrous pubescent 
31.5 5.3 glabrous pubescent 
26.5 3.5 glabrous pubescent 
— 3.8 glabrous pubescent 
6.6 glabrous pubescent 
— 4.2 glabrous pubescent 
— pubescent 
Table Al. (continued) 
Rhizome and Leaf Characters: Cluster 6: 
Leaf Leaf Leaf 
Rhizome Midrib Margin Broken 
911a serrate no 
918b absent white serrate yes 
918c absent t serrate yes 
920c absent white serrate no 
923 absent white serrate yes 
924d absent tan serrate yes 
927a absent tan serrate no 
930 absent white serrate no 
982 present white serrate yes 
U756 — tan serrate yes 
U3511a absent — serrate no 
U3600 absent tan serrate no 
U10579 — tan serrate no 
Leaf Leaf Leaf Leaf 
Length Width Sheath Juncture 
36.8 4.6 glabrous pubescent 
— 4.8 glabrous pubescent 
35.4 6.0 glabrous pubescent 
21.1 2.1 glabrous pubescent 
— 2.1 pubescent pubescent 
— 5.6 glabrous pubescent 
— 4.9 glabrous pubescent 
32.9 4.6 glabrous pubescent 
— 2.2 glabrous pubescent 
— 2.5 glabrous pubescent 
20.5 0.9 glabrous pubescent 
23.3 1.5 pubescent pubescent 
45.1 2.4 glabrous pubescent 
Table Al. (continued) 
Rhizome and Leaf Characters: Cluster 7: 
Leaf Leaf Leaf Leaf Leaf Leaf Leaf 
Rhizome Midrib Margin Broken Length Width Sheath Juncture 
882.1 present white mod. serr. no 44.5 2.4 glabrous pubescent 
886i absent — — — — — — — 
8861 absent — — — — — — — 
889-1250 present — — — — — — — 
889a absent white serrate no 35.4 2.6 glabrous pubescent 
892 present white mod. serr. yes — 1.0 glabrous glabrous 
893.1 absent white serrate yes — 2.6 glabrous pubescent 
899 present white serrate no 20.5 1.3 glabrous pubescent 
901 present white serrate yes — 0.8 glabrous pubescent 
907f absent — serrate no 21.2 1.8 glabrous pubescent 
919d — tan serrate yes 54.2 4.9 glabrous pubescent 
919e — white serrate no 37.8 1.2 glabrous pubescent 
927b absent tan serrate no 35.9 4.1 glabrous pubescent 
930.1 absent tan serrate no 33.4 4.8 glabrous pubescent 
932c absent tan serrate no — 4.2 glabrous pubescent 
949-1222 present white serrate no 37.1 2.1 glabrous pubescent 
961 present white serrate no 46.1 2.3 glabrous pubescent 
983 absent — — — — — — 
984.2 absent — — — — — — — 
988.1 absent — — — — — — 
U522 present tan serrate yes — 2.3 pubescent pubescent 
U1600 present tan serrate no 30.3 1.5 glabrous pubescent 
U36272 present tan serrate yes — 2.8 glabrous pubescent 
185 
APPENDIX B. 
COMPARISON OF SOME SIGNIFICANT CLASSIFICATIONS 
OF SORGHUM SECT. SORGHUM 
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Table A2. Comparison of some significant classifications of Sorghum sect, sorghum 
Stapf (1917) 
Sorghum sect. Eu-sorghum Stapf 
S. virgatum 
S. lanceolatum 
S. sudanense 
S. arundinaceum 
S. vogelianum 
S. verticilliflorum 
S. elliotii 
S. abyssinicum 
S. aethiopicum 
S. panicoides 
S. aterrimum 
S. drummondii 
S. guineense 
S. margariti/erum 
S. roxburghii 
S. bicolor 
S. durra 
S. caffrorum 
S. caudatum 
S. papyrescens 
S, melaleucum 
S. ankolib 
S. cernuum 
S. subglabrescens 
S. versicolor 
S. purpureo-sericeum 
S, dimidiatum 
Sorghum sect. Sorghastrum Stapf (^Sorghastrum Nash) 
S. trichopus 
S. micrantherum 
S. pogonostachyum 
S. bipennatum 
S. incompletum 
[and others?] 
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Table A2. (continued) 
Snowden (1935, 1936, 1955) 
Sorghum sect. Eu-Sorghum Stapf emend. Snowden (2n"(10), 20, 40) 
subsection Arundinacea (annuals and tufted perennials lacking rhizomes) 
series Sativa (cultivated; mature sessile spikelets persistent; grains large, rarely 
subseries Drummondii subseries Durra 
S. aterrimum S. cernuum 
S. drummondii S. durra 
S. nitens S. rigidum 
subseries Guineensia S. subglabrescens 
S. conspicuum subseries Bicoloria 
S. exsertum S. bicolor 
S. gambicum S. dochna 
S. guineense S. elegans 
S. margaritiferum S. milliiforme 
S. rnellitum S. notabiie 
S. roxburghii S. simulans 
subseries Nervosa subseries Caffra 
S. ankoiib S. caffrorum 
S. basutorum S. caudatum 
S. melaleucum S. coriaceum 
S. membranaceum S, dulcicaule 
S. nervosum S. nigricans 
S. splendidum 
IS Spontanea (sessile spikelets deciduous; grains small. 
S. aethiopicum S. panicoides 
S. arundinaceum S. pugonifolium 
S. brevicarinatum S. somaliense 
S. castaneum S. sudanense 
S. elliotii S. usambarense 
S. hewisonii S. verticilliflorum 
S. lanceoiatum S. virgatum 
S. macrochaeta S. vogelianum 
subsection Halepemia (rhizomatous perennials) 
S. controversum 
S. halepense 
S. miliaceum 
S. propinquum 
Sorghum sect. Para-Sorghum (2n-10; African, Indo-Malaysian and Australian grasses 
playing no part in the evolution of cultivated sorghum) 
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Table A2. (continued) 
Garber (1950) 
Sorghum subgen. Eu-Sorghum 
S. bulgare 
5. halepense 
[all other subgenera have no apparent influence on development of cultivated sorghum] 
Sorghum subgen. Chaetosorghum 
S. macrospermum 
Sorghum subgen. Heterosorghum 
S. laxiflorum 
Sorghum subgen. Sorghastrum 
S. nutans and others 
Sorghum subgen. Parasorghum 
S. purpueo-sericieum 
S. versicolor 
S. nitidum 
S. leiocladum 
Sorghum subgen. Stiposorghum 
S. intrans 
S. brevicallosum 
S. stipoideum 
S. plumosum 
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Table A2. (continued) 
deWet (1978) 
Sorghum section Sorghum 
Halepensia complex 
S. halepense 
S. propinquum 
Arundinacea complex 
S. bicolor 
S. bicolor subsp. bicolor 
race Durra 
race Bicolor 
race Kafir 
race Caudatum 
race Guinea 
S. bicolor subsp. drummondii 
S. bicolor subsp. armdinaceum 
[the following are not implicated in the evolution of cultivated sorghum] 
Sorghum sect. Stiposorghum 
Sorghum sect. Parasorghum 
Sorghum sect. Heterosorghum 
Sorghum sect. Chaetosorghum 
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APPENDIX C. 
NOMENCLATURE OF SORGHUM SECT. SORGHUM. 
BASED ON SNOWDEN (1935, 1936, 1955) 
AND INCLUDING NAMES NOT IN SNOWDEN 
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The synonymy following is derived from Snowden (1935, 1936, 1955), with 
additional species listed at the end derived from later authors. Nomenclature was 
checked against TL-2 (Stafleu and Cowan (1976 - 1988)), Chase and Niles* Index to 
Grass Species (1962), Index Kewensis, and Gray Herbarium Index. Where there are 
discrepancies between the sources, I have relied on TL-2 for authors, titles, and dates 
of works. Unresolved problems have not been further investigated. Comments in 
braces are derived from Index to Grass Species, Index Kewensis, or Gray Herbarium 
Index, or are my own, and do not appear in Snowden's original nomenclature. 
Sorghum names in boldface are those accepted by Snowden; those few names 
that have accumulated in the literature since 1955 are appended to the end of the list, 
following S. vogelianum. 
Sorghum aethloplcum (Hack.) Rupr. ex Stapf (Prain Fl. Trop. Afr. 9:119 (1917)) 
Andropogon sorghum var. aethiopicus Hack (D C. Monogr. Phan. 6:504 (1889)) 
Andropogon sorghum cordofanus auct., non Andropogon cordofanus Hochst. 
{'Andropogon gayanxa cordofanus) nec Andropogon aethiopicus Rupr. ex Stapf 
Sorghum aethloplcum (Hack.) Rupr. ex Stapf var. aethloplcum 
Andropogon sorghum var. aethiopicus subvar. longiaristatus Hack. (D.C. Monogr. Phan. 
6:505 (1889)) 
Sorghum aethloplcum var. brevlfolium Snowden (J. Linn. Soc. Bot. 55(358):224 (1955)) 
Andropogon sorghum var. aethiopicus subvar. breviaristatus Hack. (D.C. Monogr. Phan. 
6:505 (1889)) 
Sorghum ankollb Stapf (Prain Fl. Trop. Afr. 9:135 (1917)) 
Sorghum ankolib var. ankollb (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:233 (1935)) 
Andropogon sorghum subsp. sativus var. ankolib Hack. (D.C. Monogr. Phan. 6:519 
(1889)) 
Andropogon sorghum subsp. sativus var. nitidus Chiov. (Istit. Bot. Roma 7:61 (1897)) 
Sorghum ankollb var. glaberrlmum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:233 
(1935)) 
Andropogon sorghum subsp. sativus var. glaberrimus Hack. (D.C. Monogr. Phan. 6:512 
(1889)) 
Sorghum arundinaceum (Desv.) Stapf (Prain Fl. Trop. Afr. 9:114 (1917)) 
Andropogon arundinaceus Willd. (Sp. PI. 4:906 (1805), non Andropogon arundinaceum 
Bergius (Descr. PI. Cap. p. 356 (1767)) [nec A. arundinaceus Heyne ex Hook. f. Fl. 
Brit. Ind. 7:243 (1896)), nec {A. arundinaceus (Roxb.) Voigt (Hort. Calcutt. p. 706 
(1845))) 
Rhaphis arundinacea Desv. (Opusc. p. 69 (1831)) 
Andropogon sorghum var. e/fusus Hack. (D.C. Monogr. Phan. 6:503 (1889) (p.p.)) 
Andropogon sorghum var. e/fusus subvar. aristatus Hack. (D.C. Monogr. Phan. 6:503 
(1889)) 
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Andropogon sorghum var. ef/usus subvar. submuticus Hack. (D.C. Monogr. Phan. 6:503 
(1889)) 
Holcus décolorons Willd. (Sp. Pl. 4:931 (1805)) 
Andropogon décolorons (Willd.) Kunth (Humboldt & Bonpland, Nov. Gen. Sp. Pl. 1:190 
(1816)) 
Sorghum décolorons (Willd.) Roem. & Schult. (Syst. Veg. 2:838 (1817)) 
Sorghum halepense Nees (FI. Aust., p. 88 (1841), non Sorghum halepense (L.) Pers. 
Andropogon sorghum e/fusus Piper (Proc. Biol. Soc. Wash. 28:35 (1915)) 
{Sorghum x almtm ParodL* see list following S. vogelianum) 
Sorghum atterimum Stapf (Prain FI. Trop. Afr. 9:121 (1917)) 
Andropogon sorghum var. near Drummondii Piper (Proc. Biol. Soc. Wash. 28:43 (1915)) 
Andropogon sorghum subsp. sativus var. transiens Hack. (D.C. Monogr. Phan. 6:508 
(1889)) 
Sorghum atterlmum var. angustum Snowden (Kew Bull. Mise. Inf. 1935:223(1935)) 
Sorghum atterlmum var. transiens (Hack.) Snowden (Kew Bull. Mise. Inf. 1935:223 (1935)) 
Andropogon sorghum subsp. sativus var. transiens Hack, in D.C. Monogr. Phan. 6:508 
(1889)) 
Holcus sorghum var. transiens (Hack.) Honda (Bot. Mag. Tokyo 40:100 (1926), (p.p.)) 
Sorghum basutorum Snowden (Kew Bull. Mise. Inf. 1935:232 (1935)) 
Sorghum bicolor (L.) Mocnch (Method. Pl. p. 207 (1794)) 
Holcus bicolor L. (Mant. Alt. p. 301 (1771)) 
Holcus arduini Gmel. (Syst. Nat.2:174 (1791)) 
Andropogon bicolor Roxb. (FI. Ind. 1:272 (1820)) {non A. bicolor Nees (1841) ('A. 
dichrous Steud)} 
Andropogon sorghum subsp. eu-sorghum Aschers. & Graeb. (Syn. Mitteleurop. Pl. 2 
(1):49 (1898) {p.p.)) 
Andropogon halepensis var. bicolor Vines & Druce (Moris. Herb. Oxford p. 116 (1914)) 
Sorghum bicolor var. arduini (Koern.) Snowden (Kew Bull. Mise. Inf. 1935:236 (1935)) 
Sorghum vulgare Willd. (Enum. Hort. Berol. p. 1036 (1809)) 
Sorghum vulgare var. typicum Fiori & Paol. (le. Fl. Ital. p. 14 (1895)) 
Sorghum vulgare var. arduini Stapf ex Vines & Druce (Moris. Herb. Oxford, p. 107 
(1914)) 
Sorghum commune Beauv. (Agrost. p. 131 (1812)) 
Sorghum japonicum (Hack.) Roshev. (Komarov. Fl. U.R.S.S. 2:20 (Add.), 739 (1934)) 
Sorghum sativum Husnot (Gram. 17, t. 6 (1896)) 
Holcus sorghum Meig (Act. Helv. Phys. 8:129 (1777) (non L. Sp. Pl. ed. 1, 1047 (1753)) 
Holcus sorghum var. arduini subvar. japonicus Honda (Bot. Mag. Tokyo 40:100 (1926)) 
Holcus arduini Gmel. (Syst. Nat. 2:174 (1791)) 
Andropogon sorghum Brot. (Fl. Lus. 1:88 (1804)) 
[probably Andropogon sorghum var. niger Alefield (Landw, Fl. p. 313 (1866)); 
Andropogon sorghum var. rubens Alefield (Landw. Fl. p. 313 (1866)); Andropogon 
sorghum var. albus Alefield (Landw. Fl. p. 313 (1866))] 
Andropogon sorghum var. arduini Koern. (Handb. Getreideb. 1:312 (1885) (p.p.)) 
Andropogon sorghum var. aethiops Koern. (Handb. Getreideb. 1:313 (1885)) 
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Andropogon sorghum subsp. sativus var. hybridus Hack. (D.C. Monogr. Phan. 6:514 
(1889)) 
Andropogon sorghum subsp. sativus var. vulgaris Hack. (D.C. Monogr. Phan. 6:515 
(1889)) 
Sorghum bicolor var. bicolor (Pers.) Snowden (Kew Bull. Misc. Inf. 1935:236 (1935)) 
Sorghum bicolor var. obovatum Stapf (Prain Fl. Trop. Afr. 9:127 (1917) (p.p.)) 
[Sorghum bicolor var. odoratum (Stapf) Garabedian (Ann. S. Afr. Mus. 16:384 (1925); 
Andropogon sorghum subsp. sativus var. odoratus Hack.; sphalm.] 
Sorghum vulgare var. bicolor Pers. (Syn. PI. p. 101) (1805)) 
Sorghum vulgare Reicheb. (Ic. Fl. Germ. & Helv. 7:t80 (176), fig 465 (1845)) 
Sorghum vulgare var. obovatum subvar. nigrum Rendle (Cat. Afr. PI. Welw. 2:151 
(1899)) 
Sorghum nigrum Roem. & Schult. (Syst. Veg. 2:837 (1817)) 
Holcus niger Ard. (Sagg. Sc. Lett. Padova 1:134, t5, fig. 1 (1786)) 
Holcus bicolor Gaertn. (Fruct. 2:3 (1791)) 
Holcus sorghum var. obovatus subvar. niger Honda (Bot. Mag. Tokyo 40:99 (1926)) 
Andropogon niger Kunth (Rev. Gram. p. 164 (1829)) 
Andropogon sorghum var. niger Koern. (Handb. Getreideb. 1:311 (1885)) 
Andropogon sorghum var. bicolor Koern. (Handb. Getreideb. 1:313 (1885)) 
Andropogon sorghum subsp. sativus var. obovatus subvar. niger Hack. (D.C. Monogr. 
Phan. 6:514 (1889)) 
Sorghum bicolor var. charlslanum (Busse & Pilger) Snowden (Kew Bull. Misc. Inf. 
1935:237 (1935)) 
Andropogon sorghum var. charisianus Busse & Pilger (Engl. Bot. Jahrb. 32:187 (1902), 
excl. form a and subvars. glabrescens and holstii)) 
Sorghum bicolor var. plcigutta Snowden (Kew Bull. Misc. Inf. 1935:236 (1935)) 
Sorghum bicolor var. subglobosum (Hack.) Snowden (Kew Bull. Misc. Ink 1935:237 
(1935)) 
Andropogon sorghum subsp. sativus var. subglobosus Hack. (D.C. Monogr. Phan. 6:515 
(1889)) 
Sorghum brevlcarlnatum Snowden (J. Linn. Soc. Bot. 55(358):242 (1955)) 
Sorghum brevlcarlnatum Snowden var. brevlcarlnatum 
Sorghum brevlcarlnatum var. swahllorum Snowden (J. Linn. Soc. Bot. 55(358):245 (1955)) 
Sorghum caffrorum Beauv. (Agrost. pp. 131, 178 (1812)) 
Sorghum arduini Jacq. (Eclog. Gram. 25, t. 18 (1814)) 
Sorghum bicolor Nees (Fl. Afr. Austral, p. 86 (1814) {non Willd.)) 
Sorghum usorum Nees (Fl. Afr. Austral, p. 87 (1814)) 
Sorghum vulgare var. caffrorum Hubbard & Rehder (Harvard Univ. Bot. Mus, Leafl. 
1:10 (1932)) 
Panicum caffrorum Retz. (Obs. Bot. 2:7 (1781)) 
Holcus cafer Ard. (Sagg. Sc. Lett. Padova 1:119, t. 1 (1786)) 
Holcus caffrorum Thunb. (Prod. PI. p. 20 (1794)) 
Holcus sorghum var. caffrorum Bailey (Gentes Herb. 1:133 (1923)) 
Andropogon caffrorum Kunth (Rev. Gram. p. 165 (1829)) 
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Andropogon usorum Steud. (Syn. Pl. Glum. 1:392 (1854)) 
Andropogon sorghum var. arduini Alefield (Landw. Fl. p. 314 (1866)) 
Andropogon sorghum var. cafer Koern. (Handb. Getreideb. 1:307 (1885)) 
Andropogon sorghum var. usorum Koern. (Handb. Getreideb. 1:312 (1885)) 
Andropogon sorghum var. neesii Koern. (Handb. Getreideb. 1:315 (1885)) 
Andropogon sorghum subsp. sativus var. cafer Hack. (D.C. Monogr. Phan. 6:519 (1889)) 
Andropogon sorghum subsp. sativus var. usorum Hack. (D.C. Monogr. Phan. 6:512 
(1889)) 
Andropogon sorghum subsp. sativus var. neesii Hack. (D.C. Monogr. Phan. 6:517 
(1889)) 
Sorghum caffrorum var. aibldum (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:243 (1935)) 
Andropogon sorghum var. albidus Koern. (Bull. Herb. Boiss. 2:226 (1894) 
Sorghum caffrorum var. albofuscum (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:243 
(1935)) 
Andropogon sorghum var. albo/uscus Koern. (Baumann, Massailand, p. 295 (1894)) 
Sorghum caffrorum var. bicarlnatum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:243 
(1935)) 
Andropogon sorghum subsp. sativus var. bicarinatus Hack. (D.C. Monogr. Phan. 6:511 
(1889)) 
Sorghum caffrorum var. brevlarlstatum Snowden (Kew Bull. Misc. Inf. 1935:243 (1935)) 
Sorghum caffrorum var. brunneoium Snowden (Kew Bull. Misc. Inf. 1935:243 (1935)) 
Sorghum caffrorum var. cincreum Snowden (Kew Bull. Misc. Inf. 1935:243 (1935)) 
Andropogon sorghum var. bicolor Koern. (Bull. Herb. Boiss. 2:226 (1894) (p.p.)) 
Sorghum caffrorum var. densissimum (Busse & Pilger) Snowden (Kew Bull. Misc. Inf. 
1935:244 (1935)) 
Andropogon sorghum var. densissimus Busse & Pilger (Engl. Bot. Jahrb. 32:188 (1902)) 
Sorghum caffrorum var. laslorachls (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:243 
(1935)) 
Andropogon sorghum subsp. sativus var. lasiorachis Hack. (D.C. Monogr. Phan. 6:513 
(1889)) 
Andropogon sorghum var. schenckii Koern. (Baumann, Usambara, p. 319 (1891) (p.p.)) 
Sorghum caffrorum var. melanospermum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:243 
(1935)) 
Andropogon sorghum subsp. sativus var. melanospermum Hack. (D.C. Monogr. Phan. 
6:518 (1889)) 
Sorghum caffrorum var. neesii (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:244 (1935)) 
Sorghum bicoior Nees (Fl. Afr. Austr. p. 86 (1891) (non Willd.)) 
Andropogon sorghum var. neesii Koern. (Handb. Getreideb. 1:315 (1885)) 
Andropogon sorghum subsp. sativus var. neesii Hack. (D.C. Monogr. Phan. 6:517 
(1889)) 
Sorghum caffrorum var. ondongae (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:243 
(1935)) 
Andropogon sorghum var. ondongae Koern. (Baumann, Usambara, p. 319 (1891) (p.p.)) 
Andropogon sorghum var. rubicoior Koern. (Bull. Herb. Boiss. 2:227 (1894)) 
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Sorghum caffrorum var. ovoldeum Snowden (Kew Bull. Misc. Inf. 1935:244 (1935)) 
Sorghum caffrorum var. sapidum Snowden (Kew Bull. Misc. Inf. 1935:243 (1935)) 
Sorghum castaneum C. E. Hubbard & Snowden (Kew Bull. p. 316 (1936)) 
Sorghum caudatum Stapf (Praia Fl. Trop. Afr. 9:131 (1917) {p.p., excl. vars. angolense, 
cerevisiae, umbonatum, rutilum and atrolutescens)) 
Andropogon sorghum subsp. satims var. caudatus Hack. (D.C. Monogr. Phan. 6:517 
(1889)) 
Sorghum caudatum var. bantuorum Snowden (Kew Bull. Misc. Inf. 1935:246 (1935)) 
Sorghum caudatum var. caudatum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:246 (1935)) 
Sorghum caudatum var. schwein/urthii Stapf (Prain Fl. Trop. Afr. 9:133 (1917) (p.p.)) 
Andropogon sorghum subsp. sativus var. caudatus Hack. (D.C. Monogr. Phan. 6:517 
(1889)) 
Sorghum caudatum var. colorant (Pilger) Snowden (Kew Bull. Misc. Inf. 1935:247 (1935)) 
Andropogon sorghum var. colorons Pilger (Notizbl. Bot. Gard. Berl. 4:146 (1904)) 
Sorghum caudatum var. durum Snowden (Kew Bull. Misc. Inf. 1935:246 (1935)) 
Sorghum caudatum var. schweinfurthii Stapf (Prain Fl. Trop. Afr. 9:133 (1917) {p.p.)) 
Sorghum caudatum var. feterlta Stapf (Prain Fl. Trop. Afr. 9:133 (1917)) 
Sorghum cmtdatum var. gassabi Massey (Sudan Grasses p. 15 (1926)) 
Sorghum explicatum var. neesii Chiov. (Monogr. Rapp. Col. Rome, 19:29 (1912)) 
Sorghum caudatum var. fragile Stapf (Prain Fl. Trop. Afr. 9:133 (1917)) 
Sorghum caudatum var. gibbum Stapf (Prain Fl. Trop. Afr. 9:133 (1917)) 
Sorghum caudatum var. hackelil (Chiov.) Snowden (Kew Bull. Misc. Inf. 1935:247 (1935)) 
Sorghum eplicatum var. hackelii Chiov. (Monogr. Rapp. Col. Rome, 19:30 (1912)) 
Sorghum caudatum var. kerstlnglanum (Busse & Pilger) Snowden (Kew Bull. Misc. Inf. 
1935:247 (1935)) 
Andropogon sorghum var. kerstingianus Busse & Pilger (Engl. Bot. Jahrb. 32:187 
(1902)) 
Sorghum caudatum var. lens Stapf (Prain Fl. Trop. Afr. 9:133 (1917)) 
Sorghum caudatum var. natae (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:246 (1935)) 
Andropogon sorghum var. natae Koern. (Baumann, Massailand, p. 296) (1894)) 
Sorghum caudatum var. procerum Snowden (Kew Bull. Misc. Inf. 1935:247 (1935)) 
Sorghum caudatum var. scoparium Snowden (Kew Bull. Misc. Inf. 1935:246 (1935)) 
Sorghum caudatum var. sudanicum Snowden (Kew Bull. Misc. Inf. 1935:247 (1935)) 
Sorghum caudatum var. talodlanum Snowden (Kew Bull. Misc. Inf. 1935:246 (1935)) 
Sorghum cernuum Host. (Gram. Austr. 4:2, t. 3 (1809)) 
Sorghum vulgare Pers. (Syn. PI. 1:101 (1805) {p.p., excl. vars. bicolor and rubens)) 
Sorghum vulgare var. cernuum Fiori & Paol. (Ic. Fl. Ital. p. 14 (1895)) 
Sorghum dora Cuoco (Fauna e Fl. Col. Eritrea p. 99 (1897)) 
Holcus sorghum L. (Sp. Pl., ed. I, p.l047 (1753) {p.p., excl. synonymy except that 
referring to Hort. Ups. p. 301)) 
Holcus dora Meig (Act. Helv. Phys. 8:125, t. 4 (1777)) 
Holcus cernuus Ard. (Saggi Sc. Lett. Padova 1:128 t. 3, figs 1 & 2 (1786)) 
Andropogon compactus Brot. (Fl. Lusit. 1:88 (1804)) 
Andropogon sorghum Roxb. (Fl. Ind. 1:273 (1820)) 
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Andropogon sorghum var. cernuus Koern. (Handb. Getreideb. 1:314 (1885)) 
Andropogon sorghum var. truchmenorum Koern. (Handb. Getreideb. 1:315 (1885)) 
Andropogon sorghum subsp. sativus var. cernuus Hack. (B.C. Monogr. Phan. 6:515 
(1889) (p.p.)) 
Andropogon truchmenorum Steud. (Syn. PI. Glum. 1:394 (1855)) 
Andropogon cernuus Aschers. & Graebn. (Syn. Mitteleurop. Fl. 2(1):51 (1898)) 
Sorghum cernuum var. agrlcolarum (Burkill) Snowden (Kew Bull. Misc. Inf. 1935:251 
(1935)) 
Andropogon sorghum var. agricolarum Burkill ex Benson & Subba Rao (Madras Dept. 
Agric. Bull. 55.67 (1906) (p.p.)) 
Sorghum cernuum var. cernuum (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:252 (1935)) 
Andropogon sorghum var. cernuus Koern. (Handb. Getreideb. 1:314 (1885) (p.p.)) 
Holcus cernuus Ard. (Saggi Sc. Lett. Padova 1:128, t. 3, figs. 1&2 (1786)) 
Sorghum cernuum var. globosum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:251 (1935)) 
Andropogon sorghum sativus var. globosus Hack. (D.C. Monogr. Phan. 6:517 
(1889)) 
Sorghum cernuum var. orblculatum Snowden (Kew Bull. Misc. Inf. 1935:252 (1935)) 
Sorghum cernuum var. subcyllndricum Snowden (Kew Bull. Misc. Inf. 1935:252 (1935)) 
Sorghum cernuum var. truchmenorum (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:251 
(1935)) 
Sorghum truchmenorum C. Koch (Linnea 21:442 (1848)) 
Andropogons sorghum var. truchmenorum Koern. (Handb. Getreideb. 1:315 (1885)) 
Sorghum cernuum var. yemense (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:251 (1935)) 
Andropogon sorghum var. yemense Koern. (Bull. Herb. Boiss. 2 (App. 2): 11 (1894) (non 
Koern. (Baumann, Massailand, p. 295) (1894)) 
Sorghum conspicuum Snowden (Kew Bull. Misc. Inf. 1935:226 (1935)) 
Sorghum conspicuum var. callomelan (K. Schum) Snowden (Kew Bull. Misc. Inf. 1935:227 
(1935)) 
Andropogon sorghum var. callomelaena K. Schum. (Engl. Pflanzenw. Ost.-Afr. B, p. 40 
(1895)) 
Sorghum conspicuum var. conspicuum Snowden (Kew Bull. Misc. Inf. 1935:227 (1935)) 
Sorghum conspicuum var. orientale Snowden (Kew Bull. Misc. Inf. 1935:227 (1935)) 
Sorghum conspicuum var. pilosum Snowden (Kew Bull. Misc. Inf. 1935:227 (1935)) 
Sorghum conspicuum var. rhodesianum Snowden (Kew Bull. Misc. Inf. 1935:227 (1935)) 
Sorghum conspicuum var. rublcundum Snowden (Kew Bull. Misc. Inf. 1935:227 (1935)) 
Sorghum conspicuum var. usaramense (Busse & Pilger ) Snowden (Kew Bull. Misc. Inf. 
1935:227 (1935)) 
Andropogon sorghum var. usaramensis Busse & Pilger (Engl. Bot. Jahrb. 32:184 (1902)) 
Sorghum conspicuum var. valldum Snowden (Kew Bull. Misc. Inf. 1935:227 (1935)) 
Sorghum controversum (Steud.) Snowden (J. Linn. Soc. Bot. 55(358):210 (1955)) 
Andropogon laxus Roxb. (Fl. Indica 1:25 (1820) (non Andropogon laxus Willd. (Sp. PI. 
4:907 (1806)) 
Andropogon controversus Steud. (Syn. PI. Glum. 1:391 (1854)) 
Sorghum coriaceum Snowden (Kew Bull. Misc. Inf. 1935:240 (1935)) 
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Sorghum corlaceum var. brevigluma Snowden (Kew Bull. Misc. Inf. 1935:241 (1935)) 
Sorghum corlaceum var. corlaceum Snowden (Kew Bull. Misc. Inf. 1935:241 (1935)) 
Sorghum corlaceum var. lualablcum Snowden (Kew Bull. Misc. Inf. 1935:242 (1935)) 
Sorghum corlaceum var. aubinvolutum Snowden (Kew Bull. Misc. Inf. 1935:242 (1935)) 
Sorghum corlaceum var. tanganylkae Snowden (Kew Bull. Misc. Inf. 1935:242 (1935)) 
, Sorghum corlaceum var. umbelliforme Snowden (Kew Bull. Misc. Inf. 1935:242 (1935)) 
Sorghum dochna (Forsk.) Snowden (Kew Bull. Misc. Inf. 1935:234 (1935)) 
Sorghum saccharatum Moench (Method PI. 207 (1794)) 
Sorghum vutgare var. saccharatum Boerl. (Ann. Jard. Bot. Buitenzorg 8:69 (1890)) 
Holcus saccharaius Linn. (Sp. PI. p. 1047 (1753) (p.p.)) 
Holcus dochna Forsk. (FI. Aegypt.-Arab. p. 174 (1775)) 
Holcus sorghum var. saccharaius Bailey (Gentes Herb. 1:132 (1923)) 
Andropogon saccharaius Raspail (Ann. Sc. Nat. Bot. 5:307 (1825) non Roxburgh 
Andropogon sorghum var. saccharaius Koern. (Handb. Getreideb. 1:310-311 (1885) 
(P'P')) 
Andropogon sorghum var. leucospermus Koern. (Handb. Getreideb. 1:310-311 (1885)) 
Andropogon sorghum var. dochna Christ. (Dansk. Bot. Arkiv. 4 (3):29 (1922)) 
[probably also Sorghum campanum Ten. & Guss. (Atti. Sc. Nap. 5:303 (1843)); 
Sorghum vulgare var. campanum Fiori & Paol. (Fl. Anal. Ital. 1:75 (1923)); Andropogon 
sorghum subsp. sativus var. campanum subvar. typicus Hack. (D.C. Monogr. Phan. 
6:510 (1889)); Andropogon sorghum subsp. saiivus var. campanum subvar. lividus Hack. 
(D.C. Monogr. Phan. 6:510 (1889))] 
Sorghum dochna var. atrum Snowden (Kew Bull. Misc. Inf. 1935:235 (1935)) 
[probably Sorghum niger Aubert (Agric. J. Ind. 5:224 (1910) (p.p.))] 
Sorghum dochna var. burmanlcum (Burkill) Snowden (Kew Bull. Misc. Inf. 1935:235 
(1935)) 
Andropogon sorghum var. burmanicus Burkill ex Benson & Subba Rao (Madras Dept. 
Agric. Bull. 55:67 (1906)) 
Sorghum dochna var. corymbosum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:235 
(1935)) 
Andropogon sorghum subsp. sativus var. corymbosus Hack. (D.C. Monogr. Phan. 6:513 
(1889)) 
Sorghum dochna var. formosum Snowden (Kew Bull. Misc. Inf. 1935:235 (1935)) 
Sorghum vulgare var. saccharatum Dudgeon (Egypt. Ministr. Agric. Bull. 1A:3, 29 
(1915)) 
Sorghum dochna var. k mgu (Burkill) Snowden (Kew Bull. Misc. Inf. 1935:235 (1935)) 
Andropogon sorghum var. irungu Burkill ex Benson & Subba Rao (Madras Dept. Agric. 
Bull. 55:68 (1906)) 
Sorghum dochna var. melllferum Snowden (Kew Bull. Misc. Inf. 1935:236 (1935)) 
Sorghum dochna var. obovatum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:235 (1935)) 
Sorghum rubens Willd. (Enum. Hort. Berol. p. 1036 (1809)) 
Andropogon rubens Kunth. (Enum. PI. 1:502 (1833)) 
Andropogon sorghum subsp. sativus var. obovatus Hack. (D.C. Monogr. Phan. 6:514 
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(1889) {p.p., excl. subvar. niger)) 
Andropogon sorghum var. dochna Christ. (Dansk. Bot. Arkiv. 4 (3):29 (1922)) 
Sorghum dochna var. pulchrum (Burkill) Snowden (Kew Bull. Misc. Inf. 1935:235 (1935)) 
Andropogon sorghum var. pulcher Burkill ex Benson & Subba Rao (Madras Dept. 
Agric. Bull. 55:67 (1906)) (p.p.)) 
Sorghum dochna var. technicum (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:235 (1935)) 
Sorghum technicum Battand. & Trabut (Fl. Alger., Monocot. p. 128) (1895)) 
Sorghum vulgare var. technicum Fiori & Paol. (Fl. Anal. Ital. 1:46 (1896)) 
Sorghum bicolor var. technicum Stapf ex Holland (Kew Bull. Add. Ser. 9:789 (1922)) 
Andropogon sorghum var. technicus Koern. (Syst. Uebers. p. 20 (1873)) 
Andropogon sorghum subsp. sativus var. technicus Hack. (D.C. Monogr. Phan. 6:508 
(1889)) 
Holcus saccharatus var. technicus Farwell (Mich. Acad. Sc. Ann. Rept. 20:163 (1918)) 
Holcus sorghum var. technicus Bailey (Gentes Herb. 1:132 (1923)) 
Sorghum dochna var. wlghtll (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:236 (1935)) 
Andropogon sorghum subsp. sativus var. wightii Hack. (D.C. Monogr. Phan. 6:511 
(1889)) 
Sorghum drummondll (Steud.) Millsp. & Chase (Publ. Field. Columb. Mus. Bot. 3:21 
(1903)) 
Sorghum vulgare var. drummondii (Nees) Chiov. (Result Sc. Miss. Stefan-Paoli Somal. 
Ital. 1. Coll. Bot., p. 224 (1916)) 
Sorghum haiepense var. effusum subvar. aristatum Rendle (Cat. Afr. PI. Welw. 2:150 
(1899) {p.p.)) 
Andropogon drummondii Steud. (Syn. PI. Glum. 1:393 (1854)) 
Andropogon sorghum subsp. sativus var. Drummondii Hack. (D.C. Monogr. Phan. 6:507 
(1889) {p.p.)) 
Andropogon sorghum drummondii Piper (Proc. Biol. Soc. Wash. 28:42 (1915) {p.p.)) 
Holcus sorghum drummondii Hitchc. (Proc. Biol. Soc. Wash. 29:128 (1916)) 
Sorghum dulclcaule Snowden (Kew Bull. Misc. Inf. 1935:247 (1935)) 
Sorghum durra Stapf (Prain Fl. Trop. Afr. 9:129 (1917)) 
Sorghum sativum prole S. durra Battand & Trab. (Fl. Alger. Monocot. p. 128 (1895)) 
Sorghum eplicatum Chiov. (Monogr. Rapp. Col. Rome, 19:28-31 (1912) {p.p., including 
vars. erythrocarpum, glaberrimum, auratum, virescens, cereum, heterochromum, 
melanoleucum and fiori)) 
Sorghum vulgare var. durra Hubbard & Rehder (Harvard Univ. Bot. Mus. Leafl. 1:10 
(1932)) 
Holcus durra Forsk. (Fl. Aegypt.-Arab. p. 174 (1775)) 
Holcus duna Gmel. (Syst. Nat. p. 173 (1791) {sphalm.)) 
Holcus sorghum var. durra Bailey (Gentes Herb. 1:132 (1923)) 
Andropogon sorghum subsp. sativus var. durra Hack. (D.C. Monogr. Phan. 6:516 (1889)) 
Sorghum durra var. aegyptlcum (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:249 (1935)) 
Sorghum vulgare var. aegypticum Dudgeon (Egypt. Minist. Agric. Bull. 1A:3 (1915)) 
Sorghum vulgare var. schweinfurthianum Dudgeon (Egypt. Minist. Agric. Bull. 1A:3 
(1915)) 
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Sorghum cernmm ('Dura Seifi*) Massey (Sudan Grasses p. 16 (1926)) 
Andropogon sorghum var. aegyptiacus Koern. (Memoir. Instit. Egypt, [in Aschers. & 
Schweinf. Fl. Egypt.] 2:164 (1887)) 
Andropogon sorghum var. schwein/urthianus Koern. (Memoir. Instit. Egypt, [in 
Aschers. & Schweinf. Fl. Egypt.] 2:779 (1887)) 
Andropogon sorghum subsp. satiyus var. durra Hack. (D.C. Monogr. Phan. 6:516 (1889)) 
Andropogon sorghum subsp. sativus var. aegypitiacus Hack. (D.C. Monogr. Phan. 6:516 
(1889)) 
Sorghum dunra var. coimbatoricum (Burkill) Snowden (Kew Bull. Misc. Inf. 1935:250 
(1935)) 
Holcus sorghum Herb. Rupr. (in Wall. Cat. 8777A (1828)) 
Andropogon sorghum var. coimbatoricus Burkill ex Benson & Subba Rao (Madras Dept. 
Agric. Bull. 55:68 (1906)) 
Sorghum durra var. eiongatum Snowden (Kew Bull. Misc. Inf. 1935:250 (1935)) 
Andropogon sorghum var. bicolor Koern. (Bull. Herb. Boiss. 2(App.2):ll-12 (1894) (non 
Handb. Getreideb. 1:312)) 
Andropogon sorghum var. usorum Koern. (Bull. Herb. Boiss. 2(App.2):ll-12 (1894) 
(jnon Handb. Getreideb. 1:312)) 
Sorghum durra var. eois (Burkill) Snowden (Kew Bull. Misc. Inf. 1935:250 (1935)) 
Andropogon sorghum var. eois Burkill ex Benson & Subba Rao (Madras Dept. Agric. 
Bull. 55:67 (1906)) 
Sorghum durra var. erythrocarpum (Chiov.) Snowden (Kew Bull. Misc. Inf. 1935:250 
(1935)) 
Sorghum eplicatum var. erythrocarpum Chiov. (Monogr. Rapp. Col. Rome, 19:29 
(1912)) 
Sorghum durra var. fecundum Snowden (Kew Bull. Misc. Inf. 1935:250 (1935)) 
Sorghum durra var. fiorll (Chiov.) Snowden (Kew Bull. Misc. Inf. 1935:249 (1935)) 
Sorghum eplicatum var. fiori Chiov. (Monogr. Rapp. Col. Rome, 19:31 (1912)) 
Sorghum durra var. fuscum Snowden (Kew Bull. Misc. Inf. 1935:250 (1935)) 
Andropogon sorghum var. niger Koern. (Bull. Herb. Boiss. 2(App.2):ll (1894) (nan 
Handb. Getreideb. 1:311)) 
Sorghum durra var. Javanicum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:250 (1935)) 
Andropogon sorghum subsp. sativus var. javanicus Hack. (D.C. Monogr. Phan. 6:517 
(1889)) 
Sorghum durra var. luteolum Snowden (Kew Bull. Misc. Inf. 1935:251 (1935)) 
Sorghum durra var. maximum Snowden (Kew Bull. Misc. Inf. 1935:251 (1935)) 
Sorghum durra var. mediocre (Burkill) Snowden (Kew Bull. Misc. Inf. 1935:249 (1935)) 
Andropogon sorghum var. mediocris Burkill ex Benson & Subba Rao (Madras Dept. 
Agric. Bull. 55:68 (1906) (p.p.t excl. subvars. fuscescens and ruber)) 
Sorghum durra var. melanoleucum (Chiov.) Snowden (Kew Bull. Misc. Inf. 1935:249 
(1935)) 
Sorghum eplicatum var. melanoleucum Chiov. (Monogr. Rapp. Col. Rome, 19:29 
(1912)) 
Sorghum eplicatum var. auratum Chiov. (Monogr. Rapp. Col. Rome, 19:29 (1912) 
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(P-P-))  
Sorghum eplicatum var. glaberrimum Chiov. (Monogr. Rapp. Col. Rome, 19:29 (1912)) 
Sorghum eplicatum var. heterochromum Chiov. (Monogr. Rapp. Col. Rome, 19:30 
(1912) (p.p.)) 
Sorghum caudatum var. atrolutescens Stapf (Prain Fl. Trop. Afr. 9:133 (1917)) 
Sorghum durra var. niloticum (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:249 (1935)) 
Sorghum durra 'Alclimawi' Stapf (Prain Ft. Trop. Afr. 9:133 (1917)) 
Andropogon sorghum var. niloticus Koern. (Memoir. Instit. Egypt, [in Aschers. & 
Schweinf. Fl. Egypt.] 2:778 (1887» 
Sorghum eplicatum var. eereum Chiov. (Monogr. Rapp. Col. Rome, 19:29 (1912)) 
Sorghum eplicatum var. virescens Chiov. (Monogr. Rapp. Col. Rome, 19:29 (1912)) 
Sorghum eplicatum var. heterochromum Chiov. (Monogr. Rapp. Col. Rome, 19:30 
(1912) (p.p.)) 
Sorghum eplicatum var. auratum forma binatum Chiov. (Monogr. Rapp. Col. Rome, 
19:29 (1912)) 
Sorghum durra var. rivuiare Snowden (Kew Bull. Misc. Inf. 1935:251 (1935)) 
Sorghum durra *Safra Kohlia' and 'Hamaizi' Stapf (Prain Fl. Trop. Afr. 9:130 (1917)) 
Sorghum durra var. rutllum (Stapf) Snowden (Kew Bull. Misc. Inf. 1935:249 (1935)) 
Sorghum caudatum var. rutilum Stapf (Prain Fl. Trop. Afr. 9:133 (1917)) 
Sorghum elcgans (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:238 (1935)) 
Andropogon sorghum var. elegans Koern. (Baumann, Usambara p. 318 (1891)) 
Andropogon sorghum var. baumanii Koern. (Baumann, Usambara p. 318 (1891)) 
Andropogon sorghum var. schumannii Busse & Pilger (Engl. Bot. Jahrb. 32:186 (1902)) 
Andropogon sorghum var. ziegleri Busse & Pilger (Engl. Bot. Jahrb. 32:186 (1902)) 
Sorghum elegans var. baumanii (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:239 (1935)) 
Andropogon sorghum var. baumanii Koern. (Baumann, Usambara p. 318 (I£91)) 
Sorghum elegans var. elegans (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:238 (1935)) 
Andropogon sorghum var. elegans Koern. (Baumann, Usambara p. 318 (1891)) 
Andropogon sorghum var. elegans forma brevirachis K. Schum. (Engl. Pflanzenw, Ost-
Afr. B, p. 41 (1895)) 
Sorghum elegans var. holstll Snowden (Kew Bull. Misc. Inf. 1935:239 (1931»)) 
Andropogon sorghum var. charisianus subvar. holstii Busse & Pilger (Engl. Bot. Jahrb. 
32:187 (1902)(p./7.)) 
Sorghum elegans var. schumannii (Busse & Pilger) Snowden (Kew Bull. Misc. Inf. 
1935:238 (1935)) 
Andropogon sorghum var. schumannii Busse & Pilger (Engl. Bot. Jahrb. 32:186 (1902) 
{p.p., excl. Busse 1236)) 
Andropogon sorghum var. schenckii Koern. (Baumann, Usambara, p. 319 (1891)) 
Andropogon sorghum var. baumanii subvar. verticillata K. Schum. (Engl. Pflanzenw. 
Ost-Afr. B, p. 46 (1895)) 
Andropogon sorghum var. charisianus subvar. glabrescens Busse & Pilger (Engl. Bot. 
Jahrb. 32:187 (1902)(p.p.)) 
Andropogon sorghum var. charisianus subvar. holstii Busse & Pilger (Engl. Bot. Jahrb. 
32:187 (1902)(p./>.)) 
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Sorghum elegans var. togoense Snowden (Kew Bull. Misc. Inf. 1935:238 (1935)) 
Andropogon sorghum var. elegans Busse & Pilger (Engl. Bot. Jahrb. 32:185-186 (1902) 
{P'P')) 
Sorghum elegans var. zieglerl (Busse & Pilger) Snowden (Kew Bull. Misc. Inf. 1935:238 
(1935)) 
Andropogon sorghum var. ziegleri Busse & Pilger ((Engl. Bot. Jahrb. 32:186 (1902)) 
Sorghum elliotil Stapf (Prain Fl. Trop. Afr. 9:118 (1917)) 
Sorghum exsertum Snowden (Kew Bull. Misc. Inf. 1935:230 (1935)) 
Sorghum exsertum var. amplum Snowden (Kew Bull. Misc. Inf. 1935:230 (1935)) 
Andropogon sorghum var. charisianus subvar. glabrescens Busse & Pilger (Engl. Bot. 
Jahrb. 32:187 (1902) (p.p.)) 
Sorghum exsertum var. exsertum Snowden (Kew Bull. Misc. Inf. 1935:230 (1935)) 
Sorghum exsertum var. inhonestum (Pilger) Snowden (Cultiv. Races Sorg. p. 73 (1936)) 
Andropogon sorghum var. inhonestus Pilger (Notizbl. Bot. Gart. Berl. 4:147 (1904)) 
[probably Andropogon sorghum var. kerstingianus subvar. albidus Busse & Pilger (Engl. 
Bot. Jahrb. 32:188 (1902))] 
Sorghum halepense (L.) Pers. (Synops. 1:101 (1805)) . 
Holcus halepensis L. (Sp. PI. ed, 1, p. 1047 (1753)) 
Andropogon arundinaceus Scop. (Fl. Cam., ed. 2, 2:274 (1772)) 
Milium halepensis (L.) Cav. (Descr. Pl., p. 306 (1802)) 
Blumenbachia halepensis (L.) Koel. (Descr. Gram., p. 29 (1802)) 
Andropogon halepensis (L.) Brot. (Fl. Lusit. 1:89 (1804)) 
Andropogon sorghum subsp. halepensis (L.) Hack. var. halepensis Hack. (D.C. Monogr. 
Phan. 6:502 (1889) {p.p., excl. Andropogon laxus Roxb. (Fl. Ind 1:271 (1820), 
Andropogon controversus Steud. (Synops. 1:391 (1854), Sorghum giganteum Edgew. (J. 
As. Soc. Bengal 21:181 (1853); and all varieties of Hackel's subspecies halepensis 
except var. halepensis (f.^.)) 
Andropogon sorghum subsp. halepensis var. halepensis subvar. genuinus Hack. (D.C. 
Monogr. Phan. 6:502 (1889)) 
Andropogon halepensis var. genuinis (Hack.) Stapf (Hook. Fl. Brit. Ind. 7:182 (1896) 
(excl. references to Andropogon miliaceus Roxb.)) 
Andropogon halepensis var. typicus Aschers. & Graebn. (Syn. Fl. Mitteleur. Fl. 2(1):47 
(1898)) 
Andropogon sorghum subsp. halepensis var. halepensis subvar. muticus Hack. (D.C. 
Monogr. Phan. 6:502 (1889)) 
Andropogon halepensis var. muticus (Hack.) Aschers. & Graebn. (Syn. Fl. Mitteleur. Fl. 
2(1):47 (1898)) 
Andropogon halepensis subsp. anatherus Piper (Proc. Biol. Soc. Wash. 28:28 (1915)) 
Sorghum halepense forma muticum (Hack.) C.E. Hubbard (Hook. Ic. PI. 34(t. 3364):4 
(1938)) 
Andropogon sorghum subsp. halepensis var. halepensis subvar. leiostachys Hack. (D.C. 
Monogr. Phan. 6:502 (1889)) 
Sorghum halepense var. latifolium Willk. Sc. Lange (Prod. Fl. Hisp. 1:48 (1861)) 
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Sorghum gamblcum Snowden (Kew Bull. Misc. Inf. 1935:229 (1935)) 
[probably Holcus bicolor Ard. (Saggi Sc. Lett. Padova 1:139, t. 6) (1786), excluding 
synonymy, non Linnaeus.] 
Sorghum gamblcum var. celsum Snowden (Kew Bull. Misc. Inf. 1935:229 (1935)) 
Sorghum gamblcum var. gamblcum Snowden (Kew Bull. Misc. Inf. 1935:229 (1935)) 
Sorghum guincense Stapf (Prain Fl. Trop. Afr. 9:123 (1917) (p.p.)) 
Sorghum guincenie var. amphlbolum (Busse Sc. Pilger) Snowden (Kew Bull. Misc. Inf. 
1935:224 (1935)) 
Andropogon sorghum var. amphibolus Busse & Pilger (Engl. Bot. Jahrb. 32:184 (1902)) 
Sorghum guineente var. arUtatum Snowden (Kew Bull. Misc. Inf. 1935:225 (1935)) 
Sorghum guloeense var. intermedium (Busse & Pilger) Snowden (Kew Bull. Misc. Inf. 
1935:225 (1935)) 
Andropogon sorghum var. intermedius Busse & Pilger (Engl. Bot. Jahrb. 32:185 (1902)) 
Sorghum gulneense var. involutum Stapf (Prain Fl. Trop. Afr. 9:124 (1917)) 
Andropogon sorghum subsp. sativus var. Drummondii Hack. (D.C. Monogr. Phan. 6:507 
(1889) (p.p.)) 
Andropogon sorghum drummondii Piper (Proc. Biol. Soc. Wash. 28:42 (1915) (p.p.)) 
Andropogon sorghum var. ovulifer Busse & Pilger (Engl. Bot. Jahrb. 32:184 (1902)) (non 
Hack.)) 
Andropogon sorghum var. ovuiifer Pilger (Notizbl. Bot. Gart. Berl. 4:140-144 (1904) 
(non Hack.)) 
Sorghum guloeense var. pendulum (Pilger) Snowden (Kew Bull. Misc. Inf. 1935:225 
(1935)) 
Andropogon sorghum var. pendulus Pilger (Notizbl. Bot. Gart. Berl. 4:147 (1904)) 
Sorghum guloeense var. sclntlllans Snowden (Kew Bull. Misc. Inf. 1935:225 (1935)) 
Sorghum hewlsonll (Piper) Longley (J. Agric. Res. 44:318-319 (1932)) 
Andropogon sorghum hewisoni Piper (Proc. Biol. Soc. Wash. 28:41 (1915)) 
Sorghum lanceolatum Stapf (Prain Fl. Trop. Afr. 9:112 (1917)) 
Sorghum macrochaeta Snowden (Cult. Races Sorghum, p. 237 (1936)) 
Sorghum abyssinicum Stapf (Prain Fl. Trop. Afr. 9:118 (1917), non Sorghum 
abyssinicum (R.Br.) O. Kuntze (Rev. Gen. p. 791 (1891)) 
Andropogon sorghum abyssinicus Piper (Proc. Biol. Soc. Wash. 28:39 (1915)) 
Sorghum margarltiferum Stapf (Prain Fl. Trop. Afr. 9:125 (1917)) 
Andropogon sorghum subsp. sativus var. ovuiifer Hack. (D.C. Monogr. Phan. 6:510 
(1889)) 
Sorghum margarltiferum var. margarltiferum Snowden (Kew Bull. Misc. Inf. 1935:224 
(1935)) 
Sorghum margarltiferum var. ovuiifer (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:224 
(1935)) 
Andropogon sorghum subsp. sativus var. ovuiifer Hack. (D.C. Monogr. Phan. 6:510 
(1905)) 
Sorghum margarltiferum var. tremulans (Stapf) Snowden (Kew Bull. Misc. Inf. 1935:224 
(1935)) 
Sorghum guineense var. tremulans Stapf (Prain Fl. Trop. Afr. 9:124 (1917) (p.p.)) 
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Sorghum melaleucum Stapf (Prain Fl. Trop. Afr. 9:134 (1917)) 
Sorghum mellitum Snowden (Kew Bull. Misc. Inf. 1935:225 (1935)) 
Sorghum guineense var. tremulans Stapf (Prain Fl. Trop. Afr. 9:124 (1917) (p.p.)) 
Sorghum mellitum var. australe Snowden (Kew Bull. Misc. Inf. 1935:226 (1935)) 
Sorghum mellitum var. mellitum Snowden (Kew Bull. Misc. Inf. 1935:225 (1935)) 
Sorghum guineense var. tremulans Stapf (Prain Fl. Trop. Afr. 9:124 (1917) (p.p.)) 
Sorghum membranaceum Chiov. (Monogr. Rapp. Col. Rome, 19:23-24, 27 (1912)) 
Sorghum papyrescens Stapf (Prain Fl. Trop. Afr. 9:134 (1917)) 
Sorghum membranaceum var. baldratianum Chiov. (Monogr. Rapp. Col. Rome, 19:23-24, 
27 (1912)) 
Sorghum papyrescens var. vesiculate Stapf (Prain Fl. Trop. Afr. 9:134 (1917)) 
Sorghum membranaceum var. ehrenberglanum (Koern.) Snowden (Kew Bull. Misc. Inf. 
1935:231 (1935)) 
Andropogon sorghum var. ehrenbergianus Koern. (Memoir. Instit. Egypt, [in Aschers. & 
Schweinf. Fl. Egypt.] 2:163 (1887)) 
Andropogon sorghum var. thomsonii Stapf ex Hook. f. (Fl. Brit. Ind. 7:184 (1896)) 
Sorghum membranaceum var. flrmius Snowden (Kew Bull. Misc. Inf. 1935:231 (1935)) 
Sorghum membranaceum var. laterltlum (Stapf) Snowden (Kew Bull. Misc. Inf. 1935:231 
(1935)) 
Sorghum papyrescens var. lateritium Stapf (Prain Fl. Trop. Afr. 9:134 (1917)) 
Sorghum membranaceum var. parvlgranum Snowden (Kew Bull. Misc. Inf. 1935:232 
(1935)) 
Sorghum membranaceum var. tenue Snowden (Kew Bull. Misc. Inf. 1935:231 (1935)) 
Sorghum mlllaceum (Roxb.) Snowden (J. Linn. Soc. Bot. 55(358):207 (1955)) 
Andropogon miliaceus Roxb. (Fl. Indica 1:276 (1820)) 
Andropogon miliformis Schultes (Mantissa 2:448 (1824)) 
Andropogon miliaceum Brouss. (Cat. Monsp., p. 5 (1804) (nomen nudum)) 
Sorghum giganteum Edgew. (J. As. Soc. Bengal 21:181 (1853)) 
Sorghum miliaceum var. mlllaceum Snowden 
Andropogon halepensis subsp. miliformis (Schult.) Piper (Proc. Biol. Soc. Wash. 28:28 
(1915)) (p.p., excl. Andropogon laxus Roxb. and Andropogon controversus Steud.) 
Sorghum mlllaceum var. parvisplcula Snowden (J. Linn. Soc. Bot. 55(358):209 (1955)) 
Sorghum mllilforme (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:237 (1935)) 
Holcus sorghum jogia Wall. ((Cat. 8777G) (1828) (nomen nudum)) 
Andropogon sorghum subsp. sativus var. miliiformis Hack. (D.C. Monogr. Phan. 6:518 
(1889)) 
Sorghum mllilforme var. mllilforme (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:237 
(1935)) 
Andropogon sorghum subsp. sativus var. miliiformis Hack. (D.C. Monogr, Phan. 6:518 
(1889)) 
Sorghum mllilforme var. rotundulum Snowden (Kew Bull. Misc. Inf. 1935:237 (1935)) 
Holcus sorghum jogia Wall. (Cat. 8777G) (1828) (nomen nudum)) 
Sorghum mllilforme var. sikklmense Snowden (Kew Bull. Misc. Inf. 1935:237 (1935)) 
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Sorghum nervosum Bess, ex Schult. (Roem. & Schult. Syst. Veg. 2, Mant. 669 (1827)) 
Andropogon besseri Kunth (Rev. Gram. 1:166 (1833)) 
Sorghum nervosum var. flexiblle Snowden (Kew Bull. Misc. Inf. 1935:232 (1935)) 
Sorghum nervosum var. nervosum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:232 (1935)) 
Andropogon sorghum subsp. sathus var. nervosus Hack. (D.C. Monogr. Phan. 6:513 
(1889)) 
Sorghum nigricans (Ruiz & Pavon) Snowden (Kew Bull. Misc. Inf. 1935:244 (1935)) 
Milium nigricans Ruiz & Pavon (Fl. Peruv. 1:47 (1798)) 
Agrostis nigricans Poir. (Lam. Encyc. Meth. Suppl. 1:259 (1810)) 
Sorghum nigricans var. angoiense (Rendle) Snowden (Kew Bull. Misc. Inf. 1935:245 
(1935)) 
Sorghum vulgare var. angoiense Rendle (Cat. Afr. PI. Welw. 2:151 (1899)) 
Sorghum nigricans var. calcareum (Busse A Pilger) Snowden (Kew Bull. Misc. Inf. 
1935:245 (1935)) 
Andropogon sorghum var. caicareus Busse & Pilger (Engl. Bot. Jahrb. 32:188 (1902)) 
Sorghum nigricans var. cerevisiae (Stapf) Snowden (Kew Bull. Misc. Inf, 1935:244 (1935)) 
Sorghum caudatum var. cerevisiae Stapf (Prain Fl. Trop. Afr. 9:132 (1917)) 
Sorghum nigricans var. concoior (K. Schum.) Snowden (Kew Bull. Misc. Inf. 1935:244 
(1935)) 
Andropogon sorghum var. concoior Schum. (Engl. Pflanzenw. Ost-Afr. B, p. 42 (1895)) 
Sorghum nigricans var. lobatum Snowden (Kew Bull. Misc. Inf. 1935:245 (1935)) 
Sorghum nigricans var. nyanzae Snowden (Kew Bull. Misc. Inf. 1935:244 (1935)) 
Sorghum nigricans var. peruvianum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:244 
(1935)) 
Andropogon sorghum subsp. sativus var. peruvianus Hack. (D.C. Monogr. Phan. 6:512 
(1889)) 
Sorghum nigricans var. stuhlmannli (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:245 
(1935)) 
Andropogon sorghum var. stuhlmannii Koern. (Baumann, Massailand, p. 295 (1894) 
(nomen nudum)) 
Andropogon sorghum var. stuhlmanii Schum. (Engl. Pflanzenw. Ost-Afr. B, p. 41 
(1895)) 
Sorghum nigricans var. suffuscum Snowden (Kew Bull. Misc. Inf. 1935:245 (1935)) 
Sorghum nigricans var. ussiense (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:245 (1935)) 
Andropogon sorghum var. ussiense Koern. (Baumann, Massailand, p. 295 (1894)) 
Sorghum niioticum (Stapf ex Piper) Snowden (J. Linn. Soc. Bot. 55(358):258 0955)) 
Andropogon sorghum subsp. niloticus Stapf ex Piper (Proc. Biol. Soc. Wash. 28:41 
(1915)) 
Sorghum niioticum var. kavirondense Snowden (J. Linn. Soc. Bot. 55(358):260 (1955)) 
Sorghum niioticum (Stapf ex Piper) Snowden var. niioticum (J. Linn. Soc. Bot. 55(358);258 
(1955)) 
Sorghum nitens (Busse & Pilger) Snowden (Kew Bull. Misc. Inf. 1935:224 (1935)) 
Andropogon sorghum var. nitens Busse & Pilger (Engl. Bot. Jahrb. 32:189 (1902)) 
Sorghum notablle Snowden (Kew Bull. Misc. Inf. 1935:239 (1935)) 
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Sorghum notabile var. nigrescens Snowden (Kew Bull. Misc. Inf. 1935:240 (1935)) 
Sorghum notabile var. notabile Snowden (Kew Bull. Misc. Inf. 1935:240 (1935)) 
Sorghum notabile var. planogranum Snowden (Kew Bull. Misc. Inf. 1935:240 (1935)) 
Sorghum panicoides Stapf (Prain Fl. Trop. Afr. 9:120 (1917)) 
Sorghum propinquum (Kunth) Hitchc. (Lignan Sci. J. 7:249 (1929)) 
Andropogon a/finis J. S. Presl in K. B. Presl (Rel. Haenk. 1:343 (1830), non R. Br. 
(Prod. Nov. Holl. 1:201 (1810)) 
Andropogon propinquus Kunth (Rev. Gram. l(Suppl.):40 
Sorghum propinquum var. propinquum (Kunth) Hitchc. (Lignan Sci. J. 7:249 (1929)) 
Andropogon sorghum subsp. halepensis var. propinquus (Kunth) Hack. (D.C. Monogr. 
Phan. 6:503 (1889) (p.p., excl. Trimenius specimen from Ceylon)) 
Andropogon halepensis propinquus (Kunth) Piper (Proc. Biol. Soc. Wash. 28:29 (1915)) 
Andropogon propinquum Kunth (Rev. Gram. I, Suppl. 40 (1830)) 
Sorghum propinquum var. siamense (Piper) Snowden (J. Linn/ Soc. Bot. 55(358):214 
(1955)) 
Andropogon halepensis subsp. siamensis Piper (Proc. Biol. Soc. Wash. 28:30 (1915)) 
Sorghum pugonifolium Snowden (J. Linn. Soc. Bot. S5(3S8):240 (1955)) 
{S. randolphianum Randolph: see listing after S. vogelianum) 
Sorghum rigidum Snowden (Kew Bull. Misc. Inf. 1935:248 (1935)) 
Sorghum roxburghli Stapf (Prain Fl. Trop. Afr. 9:126 (1917)) 
Sorghum vulgare var. roxburgii Haines (Bot. Bihar and Orissa, p. 1034 (1934)) 
Andropogon sorghum subsp. sativus var. roxburghii Hack. (D.C. Monogr. Phan. 6:510 
(1905)) 
Andropogon saccharatus Roxb. (Fl. Ind. 1:274 (1820)) 
Sorghum roxburghii var. fulvum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:228 (1935)) 
Sorghum roxburgii var. semiclausum Stapf (Prain Fl. Trop. Afr. 9:127 (1917) (p.p.)) 
Holcus sorghum sisna Wall (Cat. 8777) (1828)) 
Andropogon sorghum subsp. sativus var. futvus Hack. (D.C. Monogr. Phan. 6:512 
(1905)) 
Andropogon sorghum var. usorum (?) Stapf (Dyer Fl. Cap. 7:348)//year// 
Sorghum roxburghii var. hians Stapf (Prain Fl. Trop. Afr. 9:127 (1917)) 
Holcus sorghum minus Wall. (Cat. 8777F) (1828)) 
Holcus sorghum nitidus Wall. (Cat. 8777D) (1828)) 
Andropogon sorghum var. hians Stapf (Hook. f. Fl. Brit. Ind 7:184 (1896)) 
Sorghum roxburghii var. hirsutum (Busse & Pilger) Snowden (Kew Bull. Misc. Inf. 
1935:228 (1935)) 
Andropogon sorghum var. hirsutum Busse & Pilger (Engl. Bot. Jahrb. 32:185 (1902)) 
Sorghum roxburghii var. Jucundum (Busse & Pilger) Snowden (Kew Bull. Misc. Inf. 
1935:228 (1935)) 
Andropogon sorghum var. jucundus Busse & Pilger (Engl. Bot. Jahrb. 32:185 (1902)) 
Sorghum roxburghii var. mutabile Snowden (Kew Bull. Misc. Inf. 1935:229 (1935)) 
Sorghum roxburghii var. parvum Snowden (Kew Bull. Misc. Inf. 1935:228 (1935)) 
Sorghum simulans Snowden (Kew Bull. Misc. Inf. 1935:237 (1935)) 
Sorghum somaliaense Snowden (J. Linn. Soc. Bot. 55(358):238 (1955)) 
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Sorghum splendidum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:233 (1935)) 
Sorghum negroense Nesom (Phillpp. Agric. Rev. 1:33 (1908) (nomen nudum)). 
Andropogon sorghum subsp. saiivus var. campanus subvar. splendidus Hack. (D.C. 
Monogr. Phan. 6:510 (1889)) 
Sorghum splendidum var. elllptlcum Snowden (Kew Bull. Misc. Inf. 1935:234 (1935)) 
Sorghum splendidum var. magnum Snowden (Kew Bull. Misc. Inf. 1935:234 (1935)) 
Sorghum splendidum var. splendidum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:234 
(1935)) 
Andropogon sorghum subsp. saiivus var. campanus subvar. splendidus Hack. (D.C. 
Monogr. Phan. 6:510 (1889)) 
Sorghum subglabrescens Schweinf. & Aschers. (Scweinf. Beitr. Fl. Aethiop. , p. 302, 306 
(1867)) 
Sorghum centroplicatum Chiov. (Monogr. Rapp. Col. Rome, 19:31-37 (1912)) 
Sorghum basiph'catum Chiov. (Monogr. Rapp. Col. Rome, 19:23, 24, 37-47 (1912)) 
Andropogon subglabrescens Steud. (Syn. PI. Glum. 1:393 (1854)) 
Andropogon sorghum subsp. sativus var. subglabrescens Hack. (D.C. Monogr. Phan. 
6:519 (1889)) 
Andropogon sorghum var. irungiformis Burkill ex Benson & Subba Rao (Madras Dept. 
Agric. Bull. 55:67-68 (1906) (p.p.)) 
Andropogon sorghum var. mediocris Burkill ex Benson & Subba Rao (Madras Dept. 
Agric. Bull. 55:67-68 (1906) (p.p.)) 
Andropogon sorghum var. compactus Burkill ex Benson & Subba Rao (Madras Dept. 
Agric. Bull. 55:67-68 (1906) (p.p.)) 
Sorghum subglabrescens var. abysslnicum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:254 
(1935)) 
Andropogon sorghum subsp. sativus var. abyssinicus Hack. (D.C. Monogr. Phan. 6:518 
(1889)) 
Andropogon sorghum var. abyssinicus Stapf. (Prain Fl. Trop. Afr. 9:146 (1917) (non 
Piper (Proc. Biol. Soc. Wash. 28:39 (1915))) 
Sorghum basiplicaium var. abysslnicum Chiov. (Monogr. Rapp. Col. Rome, 19:46 
(1912)) 
Sorghum centroplicatum var. erythromelas Chiov. (Monogr. Rapp. Col. Rome, 19:32 
(1912)) 
Sorghum subglabrescens var. arabicum (Koern.) Snowden (Kew Bull. Misc. Inf. 1935:254 
(1935)) 
Andropogon sorghum var. arabicus Koern. (Bull. Herb. Boiss. 2(App. 2):12 (1894)) 
Sorghum centroplicatum var. arabicum Chiov. (Monogr. Rapp. Col. Rome, 19:34 
(1912)) 
Sorghum centroplicatum var. incertum Chiov. (Monogr. Rapp. Col. Rome, 19:36 (1912)) 
Sorghum centroplicatum var. sabderatensis Chiov. (Monogr. Rapp. Col. Rome, 19:35 
(1912)) 
Sorghum centroplicatum var. perlarium Chiov. (Monogr. Rapp. Col. Rome, 19:36 
(1912)) 
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Sorghum subglabrescens var. compactum (Burkill) Snowden (K.ew Bull. Misc. Inf. 1935:253 
(1935)) 
Andropogon sorghum var. compactus Burkill ex Benson & Subba Rao (Madras Dept. 
Agric. Bull. 55:67-69 (1906) {p.p., excl. subvar. roseus)) 
Andropogon sorghum var. irungiformis subvar. sulphureus Burkill ex Benson & Subba 
Rao (Madras Dept. Agric. Bull. 55:68-69 (1906)) 
Andropogon sorghum var. mediocris subvar. fuscescens Burkill ex Benson & Subba Rao 
(Madras Dept. Agric. Bull. 55:68-69 (1906) (p.p.)) 
Sorghum subglabrescens var. Irungiformis (Burkill) Snowden (Kew Bull. Misc. Inf. 
1935:253 (1935)) 
Andropogon sorghum subsp. saiivus var. bicolor Hack. (D.C. Monogr. Phan. 6:519 
(1889)) 
Andropogon sorghum var. irungiformis subvar. pallidus Burkill ex Benson & Subba 
Rao (Madras Dept. Agric. Bull. 55:69 (1906)) 
Andropogon sorghum var. mediocris subvar. fuscescens Burkill ex Benson & Subba Rao 
(Madras Dept. Agric. Bull. 55:69 (1906) (p.p.)) 
Sorghum subglabrescens var. latum Snowden (Kew Bull. Misc. Inf. 1935:255 (1935)) 
Sorghum subglabrescens var. leiocladum Snowden (Kew Bull. Misc. Inf. 1935:253 (1935)) 
Sorghum subglabrescens var. leucocarpum (Chiov.) Snowden (Kew Bull. Misc. Inf. 
1935:254 (1935)) 
Sorghum basiplicatum var. ieucocarpum Chiov. (Monogr. Rapp. Col. Rome, 19:42 
(1912)) 
Sorghum centroplicatum var. pseudoneesii Chiov. (Monogr. Rapp. Col. Rome, 19:31 
(1912)) 
[probabaly Andropogon sorghum subsp. scUivus var. schimperi forma pallida Chiov. 
(Ann. Istit. Bot. Roma 8:25 (1903))] 
Sorghum subglabrescens var. microcarpum (Chiov.) Snowden (Kew Bull. Misc. Inf. 
1935:253 (1935)) 
Sorghum basiplicatum var. microcarpum Chiov. (Monogr. Rapp. Col. Rome, 19:46 
(1912)) 
Sorghum subglabrescens var. ovlforme Snowden (Kew Bull. Misc. Inf. 1935:254 (1935)) 
Sorghum subglabrescens var. pabulare Snowden (Kew Bull. Misc. Inf. 1935:252 (1935)) 
Sorghum subglabrescens var. panlculatella (Chiov.) Snowden (Kew Bull. Misc. Inf. 
1935:253 (1935)) 
Sorghum basipliccUum var. paniculatella Chiov. (Monogr. Rapp. Col. Rome, 19:38 
(1912)) 
Andropogon sorghum var. yemense Koern. (Bull. Herb. Boiss. 2 (App. 2): 11 (1894) 
(p.p.) (non Koern. (Baumann, Massailand, p. 295) (1894)) 
Sorghum subglabrescens var. rubidum (Burkill) Snowden (Kew Bull. Misc. Inf. 1935:253 
(1935)) 
Andropogon sorghum var. irungiformis subvar. rubidus Burkill ex Benson & Subba Rao 
(Madras Dept. Agric. Bull. 55:68-69 (1906)) 
Andropogon sorghum var. mediocris subvar. ruber Burkill ex Benson & Subba Rao 
(Madras Dept. Agric. Bull. 55:68-69 (1906) (p.p.)) 
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Sorghum subglabrescens var. rubrocernuum (Koern.) Snowden (Kew Bull. Misc. Inf. 
1935:254 (1935)) 
Andropogon sorghum var. rubrocernuus Koern. (Bull. Herb. Boiss. 2(App. 2): 12 (1894)) 
Sorghum centroplicatum var. rubrocernuum Chiov. (Monogr. Rapp. Col. Rome, 19:32-
37 (1912)) 
Sorghum centroplicatum var. palUdocernuum Chiov. (Monogr. Rapp. Col. Rome, 19:32-
37 (1912)) 
Sorghum centroplicatum var. globosum Chiov. (Monogr. Rapp. Col. Rome, 19:32-37 
(1912)) 
Sorghum centroplicatum var. ellipsoideum Chiov. (Monogr. Rapp. Col. Rome, 19:32-37 
(1912)) 
Sorghum centroplicatum var. dubia Chiov. (Monogr. Rapp. Col. Rome, 19:32-37 
(1912)) 
Sorghum centroplicatum var. faregg Chiov. (Monogr. Rapp. Col. Rome, 19:32-37 
(1912)) 
Sorghum centroplicatum var. tricolor Chiov. (Monogr. Rapp. Col. Rome, 19:32-37 
(1912)) 
Sorghum centroplicatum var. alborubra Chiov. (Monogr. Rapp. Col. Rome, 19:32-37 
(1912)) 
Sorghum basiplicatum var. rubellum Chiov. (Monogr. Rapp. Col. Rome, 19:46 (1912)) 
Sorghum basiplicatum var. pallescens Chiov. (Monogr. Rapp. Col. Rome, 19:46 (1912)) 
Sorghum basiplicatum var. rubrogemina Chiov. (Monogr. Rapp. Col. Rome, 19:46 
(1912)) 
Sorghum subglabrescens var. rugulosum (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:252 
(1935)) 
Andropogon sorghum subsp. sativus var. rugulosus Hack. (D.C. Monogr. Phan. 6:508 
(1889)) 
Sorghum basiplicatum var. atropaniculata Chiov. (Monogr. Rapp. Col. Rome, 19:38 
(1912)) 
Sorghum subglabrescens var. schimperl (Hack.) Snowden (Kew Bull. Misc. Inf. 1935:254 
(1935)) 
Andropogon sorghum subsp. sativus var. schimperi Hack. (D.C. Monogr. Phan. 6:518 
(1889)) 
Sorghum basiplicatum var. schimperi Chiov. (Monogr. Rapp. Col. Rome, 19:41 (1912)) 
Sorghum basiplicatum var. sub/lavescens Chiov. (Monogr. Rapp. Col. Rome, 19:46 
(1912)) 
Sorghum subglabrescens var. subglabrescens (Hack.) Snowden (Kew Bull. Misc. Inf. 
1935:254 (1935)) 
Sorghum subglabrescens Schweinf. & Aschers. (Scweinf. Beitr. Fl. Aethiop. , p. 302, 
306 (1867)) 
Andropogon subglabrescens Steud. (Syn. PI. Glum. 1:393 (1854)) 
Andropogon sorghum subsp. sativus var. subglabrescens Hack. (D.C. Monogr. Phan. 
6:519 (1889)) 
Sorghum basiplicatum var. subglabrescens Chiov. (Monogr. Rapp. Col. Rome, 19:38 
209 
(1912)) 
Sorghum basiplicatum var. pseudanfeta Chiov. (Monogr. Rapp. Col. Rome, 19:46 
(1912)) 
Sorghum centroplicatum var. subcarneum Chiov. (Monogr. Rapp. Col. Rome, 19:32 
(1912)) 
Sorghum subglabrcscens var. umbonatum (Stapf) Snowden (Kew Bull. Misc. Inf. 1935:254 
(1935)) 
Sorghum caudatum var. umbonatum Stapf. (Prain Fl. Trop. Afr. 9:133 (1917)) 
Sorghum sudanense (Piper) Stapf (Prain Fl. Trop. Afr. 9:111 (1917)) 
Andropogon sorghum subsp. sudanensis Piper (Proc. Biol. Soc. Wash. 28:33 (1915)) 
Holcus sorghum subsp. sudanensis (Piper) Hitchc. (Proc. Biol. Soc. Wash. 29:128 (1916)) 
Holcus sudanensis (Piper) Bailey (Gentes Herb. 1:132 (1923)) 
Andropogon sudanensis (Piper) Leppan & Bosman (Field Crops S. Africa, p. 286 
(1923)) 
Sorghum vulgare var. sudanense (Piper) Hitchc. (J. Wash. Acad. Sci. 17:147 (1927)) 
Sorghum usambarense Snowden (J. Linn. Soc. Bot. 55(358):245 (1955)) 
Sorghum vertlciillfiorum (Steud.) Stapf (Prain Fl. Trop. Afr. 9:116 (1917)) 
Andropogon verticilliflorus Steud. (Syn. PI. Glum. 1:393 (1854)) 
Andropogon sorghum subsp. yerticilli/lorus Piper (Proc. Biol. Soc. Wash. 28:37 (1915)) 
Holcus sorghum subsp. verticilliflorum (Steud.) Hitchc. (Proc. Biol. Soc. Wash. 29:28 
(1916)) 
Sorghum vertlciillfiorum (Steud.) Stapf var. verticilliflorum (Prain Fl. Trop. Afr. 9:116 
(1917)) 
Sorghum verticilliflorum var. Infreqens Snowden (J. Linn. Soc. Bot. 55(358):236 (1955)) 
Sorghum vertlciillfiorum var. ornatum Snowden (J. Linn. Soc. Bot. 55(358):235 (1955)) 
Sorghum virgatum (Hack.) Stapf (Prain Fl. Trop. Afr. 9:111 (1917)) 
Andropogon sorghum var. virgaius Hack. (D C. Monogr. Phan. 6:504 (1889)) 
Sorghum vogellanum (Piper) Stapf (Prain Fl. Trop. Afr. 9:116 (1917)) 
Andropogon sorghum vogeiianus Piper (Proc. Biol. Soc. Wash. 28:34 (1915)) 
Sorghum names, after 1955 
S. X almum L. Parodi (as S. almum) (Rev. Argent. Agron. 10:361 (1943)) 
S. randolphianum L. Parodi (Rev. Argent. Agron. 13:16 (1946) 
{• S. X almumi) 
S. randolphianum Randolph (in Sprague, Corn and Corn Improvement, p. 16 (1955)) {an 
apparent later homonym, probably referring to S. x almum Parodi} 
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